D55 0.4- 6£0L0Gt L9S 



in the ffittu of Jltnu Uorh 




LECTURES 

OIT 

GEOLOGY, 

DELIVERED 

AT THE BROADWAY TABERNACLE 

BY 

CHARLES LYELL, F. R. S, 

SECOND EDITION, 
WITH A GENERAL INTRODUCTION: 

TO WHICH IS ADDED A 

SKETCH OF A LECTURE 
ON THE DIFFERENT RACES OF MEN 

BY J. AUGUSTINE SMITH, M. D. 

REP ORTED 

NEW- YORK: 

GREELEY & McELRATH, TRIBUNE BUILDINGS. 
PHILADELPHIA: ZEIBER & BURGESS. 
BOSTON : REDDING & Co. 
1843. 



FOR THE NEW-YORK TRIBUNE. 



Price 25 Cents. 



ERRATA: 



Pace 14, first column, 4th liae from bottem for make read marine. 



" 17, first " 


6th 


tt 


u top for thousand read hundred* 


" 32, first " • 


29th 


tt 


u top for Sea read series. 


" 36, second" 


32d 


ft 


14 top after the word series add beginning bstem tht tertiarys 


" 39, first — '.' 


4th 


U 


" bottom for Catrachians read Batraehi&nt* 


"- 41, second" 


22d 


tt 


" bottom for Siberian read Siluri&n. 


" 44, second " 


11th 


it 


* top read 300 instead of 300 instead of 9000. 


" S2, second " 


5th 


tt 


** top instead of Chilian Chilean. 


" iS, second" 


18th 


tt 


11 top instead of Eastern lead Western* 




IDEAL SECTION OF PART OF THE EARTH'S CRUST. 

D. PLUTONIC.,. ...C. MET AMORPHIC B, VOLCANIC A. AQUEOUS. 



EXPLANATION OF THE FRONTISPIECE. 



The Engraving in the Frontispiece is from Lyell's Elements of Geology, and is designed to explain his theory of the 
cotemporaneous origin of the four great classes of rocks represented by the masses A, B, C and D— the relative position 
of which will be readily perceived. Thus, while the aqueous deposites, A, have been accumulating in successive strata 
at the bottom of the sea, the volcanic cone B has been piled up during a long series of eruptions ; and the other igneous 
rocks represented by the black cslor have also ascended from below in a fluid state. Some of thes* last, have been 
poured forth inta the sea, and then mingled with aqueous sediment. On the right side of the plate a sheet of lava is repre- 
sented reposing upon the strata (A, and coverecL by other parts of the same sedimentary deposit. On pursuing 
downward either the small dikes or large masses of volcanic rock, we find them pass gradually into pU tonic formations, 
or granites, D, which are colored black, and underlie all the rest. The different tints represent two granites, one newer 
than the other, but belonging 1 , like the upper and lower strata of A, to the same geological period. These plutonic rocks 
are seen to be in contact with a zone of cotemporaneons metamorphic strata, C, which they penetrate in numerous veins. 
The formations C originate as fossiliferous strata of the periods d, e,f, g, h and i, but have acquired a new structure during 
the accumulation of the strata A, and belong therefore to A , if we regard them solely in the light of melamorphic rock3 ; 
for during the deposition of A, they assumed a crystalline form, and were thus regenerated. In that part of the plate which 
Is left unshaded a more ancient series of mineral masses is seen, belonging also to the four great cbsses of rocks. The 
strata from a to i represent as many distinct aqueous formations, and are each distinguished by their peculiar (ossils. Th« 
mass v v is of volcanic origin, and was formed when the strata g were in the course of deposition. The strata m are of 
metamorphic formation, which assumed a crystalline texture before the strata C were to altered as to belong to what 
Prof. Lyell calls the hypogene class. The rocks 1 2 are plutonic, of different dates, but more ancient than D D. For a 
ftiil explanation of the theoretical views elucidated in this engraving, reference must be had to Lyell's Elements. 
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ADVERTISEMENT. 



The Eight Lectures on Geology here submitted to the public are substantially those 
which have been delivered by Mr. LYELL before large and respectable audiences in the 
principal Cities of the Union. They present the conclusions to which Geologists have been 
led by the most recent Discoveries and Researches in that Science, by explorers in both 
hemispheres, including those who have labored in the employment of our several States. 
They may therefore be justly regarded as additions to the sum of Geological knowledge 
conveyed in preceding publications, and as such, valuable to the man of Science no less 
than to the inquirer and student. They were reported for The New-York Tribune, as 
delivered at the Tabernacle, by Mr. H. J. RAYMOND, Assistant Editor of that paper, 
whose Reports of Dr. LARDNER'S and other Scientific Lectures have already been 
received with decided and merited approbation. They have been carefully revised and 
prepared for this edition, which the publishers confidently trust will be found worthy of 
equal favor. 

New-York, January, 1843, 



INTRODUCTION 



The Eight Lectures which are contained in this collection, were originally 
delivered by Prof. Lyell at the Tabernacle in the winter of 1840; and are princi- 
pally devoted to a presentation of some of the most recent observations that have been 
made in various parts of the world by eminent Geologists of Europe, among whom 
the lecturer, himself, is especially distinguished. Few who will read them will need 
to be told that as a complete science, the business of Geology is to explain the present 
structure, and past history of the planet upon which we live : — to develope with scien- 
tific precision the manner of its creation, the causes which have in any way modified 
its character and the methods of their operation. This, however, it has yet but imper- 
fectly done. Though from the earliest ages of the world, theories concerning the 
origin of the Earth have been cherished and defended, none of them have attained 
either the precision or the rigorous demonstration demanded by science. They are 
based upon assumptions which were never proved to be anything more,or to have even 
probability enough to warrant the erection of superstructures so imposing as many of 
them were forced to support. All of them, however, even the Ancient Indian and 
Eg3'ptian systems professed to be grounded upon observed facts; from which they 
were deduced by what was afterwards called the Process of Induction. Of course the 
theories differed among themselves according to the various phenomena from which 
they grew. They were divided however mainly into two — which were called 
respectively the Neptunian and Vulcanian theories : — the first maintaining that to the 
two fold action of water, the chemical and mechanical, all the changes of the Earth 
are to be ascribed ; and the latter that the whole interior of the globe is composed of 
melted matter which, by its constant operation, gives to the earth its natural heat and 
by it 3 occasionally violent action gives birth to mountains and causes other phenomena 
upon the surface. 

Hutton at the close of the eighteenth century was the first to declare that Geology 
had nothing to do with the origin of things ; he dispensed with all hypothetical causes 
and sought to explain the former changes of the earth's crust, by reference exclusively 
to natural agents. Since his time the aim of Geologists has been rather to collect 
facts than to construct theories : and in the observation' of phenomena few branches of 
study have been crowned with such abundant success or have made so decided progress 
in so short a time. The same tendency to build up systems and propound theories 
concerning the origin and changes of the Earth, which so marked the early ages of 
geological inquiry, is of course to be observed now : is attended with the same rash 
conceit and often leads to the same sad results. But there is a very general feeling 
among men of true science that the facts yet collected are too few, that they do net 
harmonize sufficiently with each other, and that sufficient progress has by no means 
yet been made in the observation of phenomena to warrant the construction of a 
scheme which shall claim to present Geology as a clearly and well established 
Science. 

The object of Geology, then, is now generally held to be merely the examina- 
tion of the structure of the Earth, as it now exists ; the character and arrangement of 
ts materials and the action upon them of natural agents. The first thing which bs- 
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comes evident is the comparatively slight depth to which it is possible for us to extend 
our observations ; a single mile being the greatest depth that has ever yet been 
reached. All that we can do, then, is to examine the component parts of this crust. 
At first sight everything would seem to be entirely without regularity: but closer obser- 
vation shows that the rocky as well as earthy materials of which it is composed are 
not all alike, and that they are disposed in some regular order, one above the other. 
For the sake of a convenient classification these rocks (which term includes all the 
mineral masses of the earth, whether hard or soft,) are, divided into four great divisions, 
as follows : — 

1. Aqueous Rocks: or those which are the products of watery action at or ner.r 
the surface. They are found to be divided into layers, or stratified ; and these, from 
their position, are supposed to have been deposited by the action of water. Embedded 
in these rocks are often found fossils or traces of the existence of some animal or vege- 
table body, of which shells and corals are the most frequent: 

2. Volcanic Rocks: or those which have been produced by the action of heat 
They are not stratified like the others and contain no fossils: but seem to be made up 
of lava or melted matter which, after deposition, has cooled and become hard. 

3. Plutonic Rocks: which differ from volcanic in having evidently been cooled, 
not in the open air, but under an enormous pressure. They are, like the others 
highly crystalline and destitute of organic remains. 

4. Melamorphic Rocks : or the crystalline strata and slates, which contain no 
scoriaB and no traces of organic remains : yet are divided into beds corresponding in 
form and arrangement to those of aqueous formation. 

Now each of these four great classes of rocks may evidently be considered in two 
points of view: 1. Simply as a mineral mass deriving its origin from a particular 
cause and having a certain composition, form and position in the earth's crust — or 
other characters both positive and negative such as the presence or absence of 
organic remains : — 2. As a chronological monument, fixing by the remains it con- 
tains or the structure it exhibits a distinct event, (and the whole series thus attesting a 
succession of event?,) inihe former history of the globe and its living inhabitants. 
It is the purpose of Geology to consider it from both these points of view. 
Now the true method of Geological inquiry (which from necessity in inductive,) 
is to find as many distinct portions of the Earth as possible in which these rocks are 
most favorably exposed; to examine closely their relative position, their structure and 
the fossils which are found embedded in those known to be fossiliferous ; and then, 
when the number of such facts, collected with care and scientific skill, and harmonized 
a mong themselves as nearly as possible, shall warrant the conclusion, to establish 
upon them some general theory which will, under proper philosophic restrictions, 
embrace and explain the whole. 

The Lectures which follow embrace some of the most recent observations that 
have thus been made. The points of the earth selected are those known to be best 
adapted to the purpose ; and the Lecturer, who made nearly all the explorations of 
which he speaks in his own person, is deemed one of the most capable and successful 
geologists in the world. The facts which he states may beyond all doubt be depended 
upon with entire reliance and perfect safety ; with the conclusions which we draw from 
them, it is not expected that all will agree, though it is believed that few will fail to 
study them with interest and profit. 
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LECTURES. 



LECTURE I. 



AUVERGNE. 



Mr. Ltell opened his Lecture by saying that 
he had been invited to give a short course of Lec- 
tures upon one of the most extensive branches of 
Natural Science ; and as he was to have but a few 
meetings, he should lose no time in prefatory re- 
marks, but would proceed at once to the subject 
and endeavor as well as he could to enable his 
class to comprehend the objects of Geology, the 
means of proof employed, and in what manner we 
attempt to interpret those monuments we term 
Geological. If any one should ask him in what 
way he could soonest arrive at an understanding of 
the subject so far as eight meeting would allow, 
he should take him at once into the field of obser- 
vation. I shall go, said he, up this magnificent ri- 
ver — the Hudson — and point you first to the Pali- 
sades, which you can see from this City ; I would 
show you the natisral rock, called Basalt, with its 
columnar structure, and explain the reasons why 
we conclude that these rocks thus piled up have 
existed in a melted state in the interior of the 
Earth. I would show you the other rocks — as the 
Sandstone, which vvas once sand until it was con- 
solidated — deposited, one above another, under the 
water until a flood of melted matter flowed over 
and made it solid. Going still farther up, I would 
show you the gneiss and granite of the Highlands ; 
or I might come back to this very island on which 
New-York is situated. 

But as it is impossible thus toscarry you .into the 
field, the next best thing I can do is to show you 
some representation of natural scenes, and explain 
their several parts. The scene to which I first call 
your attention is one of the most remarkable known 
in Europe — far more striking than any I have seen 
in the British Isles. The series of Geological phe- 
nomena, here exhibited, all belong to the same 
great class of rocks, but it is easy for the merest 
novice to see that they belong to different periods : 
their origin is to be referred to distinct epochs and 
to dissimilar causes. This is a scene oiAuvergne 
Having visited all the portions of it I can vouch 
for the accuracy of the Geological representation 
which is enlarged from adrawingby my friend Mr. 
Scro?e. To understand the geographical position 
B 



of the region it will be necessary to refer you to a 
map of France. What is called the Paris Basin 
is a strata of comparatively modern origin: nearly 
two hundred miles South of Paris are situated the 
Extinct Volcanoes, of which the principal mass 
is Mount Dor, which is in the centre of the granite 
region — its rocks being of marine origin. And here 
let me say that by rocks we mean technically in 
Geology any set of mineral masses whether hard 
or soft — whether loose like sand or consolidated 
like granite — softclay as well as hard shale. These 
rocks contain a variety of shells and corals, called 
marine as having been formed originally beneath 
the sea. This is the zone of the granite region in 
France. Mount Dor, which is near Clermont, is 
more than 150 miles South of Paris. 

The next scene I shall show you is a vertical 
section of this region — just as if you should dig a 
railway — the rocks being represented to a certain 
depth, as far as half a mile, as though they were 
cut down vertically, just as you may see in a line 
of sea cliff. The upper portion is of basalt — simi- 
lar' to the Palisades — and the lower is of a different 
kind of volcanic rock — a Feldsparrock called Tra- 
chyte. As it would be impossible for you to follow 
me were I to attempt it, I shall not enter upon any 
detailed explanation of these terms. It may be 
well to say that more rocks are found in this moun- 
tain than could be represented in a drawing. There 
is a great prevalence of Feldspathic rocks and of 
heavier basaltic rocks containing a dark mineral 
called augite. You see the granite represented 
below the volcanic rocks as we have abundant evi- 
dence for thu3 representing it in that section. You 
see the granite peeping out from the Trachyte ; 
we find dykes of other kinds of lava passing thro' 
the granite and then joining into sheets of lava, as 
we may call them, which we know once flowed in 
a melted stream. 

We have the granite then as the fundamental 
rock : then come the different kinds of volcanic 
rocks : then at a greater distance the stratified 
rocks, which we know are of fresh water origin — 
formed at the bottom of lakes which have now 
disappeared just as the fires of the volcanoes are 
,now extinct. The basalt appears, as T have said, 
in precipitous cliffs divided into vertical columns 
like the Palisades. In another portion is a mass. 



10 



Mr. Lyell's Lectures. 



of white calcareous marl abounding in shells and 
not far off is a smaller cone — a mass of volcanic 
matter of later date than the other. After the 
■volcano had poured forth its lava until it had piled 
up a mountain 3,000 feet high, and a valley had 
been cut down to the subjacent granite through a 
great series of volcanic rocks, and after the lake 
had been drained by a river called the Coos, then 
there happened another volcanic eruption from the 
volcano called Puy de Tartaret similar to the one 
which was formed in the Bay of Baiae which it re- 
sembles in structure and size. Now when this was 
thrown up (which is but a type of a hundred simi- 
lar cones in that part of France,) it stopped up the 
course of the Coos — blocking it up so as to pro- 
duce a lake which once extended much farther, for 
the alluvial matter which was carried into itformed 
alarge Delta which greatly curtailed its boundaries. 
At the same time that the volcano bursted forth in 
the midst of this ancient valley on flowed streams 
of lava from the other side, which you may see 
passing at the base of the hill on which the castle 
of Muro stands. Flowing down the valley for 13 
miles in a narrow stream it dispossessed the river 
©f its ancient bed, as has been the case in Iceland 
within the last century, when streams of lava have 
flowed frem the sides of Hecla and Skapta Jokul 
and forced rivers to flow aside from their usual beds. 
So out of this flowed a stream which took its course 
along the base of the hills, cutting its way through 
the fresh water formations. 

It is a matter of pioof that these strata are real- 
ly of fresh water formation — that tr.-y were formed 
in ancient lakes where were left vallej s after the 
draining of the lakes, and that through the bottom 
of these flowed the lava. Thus we may trace the 
eappings up to Mount Dor, the ancient and grand 
centre of the first eruption. From this the higher 
eappings of basalt were produced; and to cause 
these phenomena and cut through the valleys so as 
to allow other valleys to be formed, how great a 
series of changes and how long a chronological or- 
der of events is implied ! The bight of Mount Dor 
above the level of the sea is 7000 feet, and we can 
look back to the time when that country was only 
3000 feet above'the sea, and consisted exclusively 
of the fundamental granite. At that time we find 
there were depressions in which there were a num- 
ber of lakes extending all the way from Paris to the 
source of the river Loire. That was the first state 
of things, and the mountains were featureless in 
appearance — with round swells but with no pic- 
turesque, uneven outline — and into the lakes sedi- 
ment was carried by rivers, and the beds, of which 
I shall soon speak, were accumulated. Then came 
a period of the draining of the lakes, and then 
the excavation of the valleys ; just as we have on 
the borders of Lake Superior and other Northern 
lakes, where the rocks are granite. If Earthquakes 
should occur and shake that region and alter the 
level of the country, the lakes would be drained 
and we should have the second state of things as 
in this part of France. If we follow the volcanic 
eruptions in the same district until the lavawas piled 
3000 feet high, we should have the third period. — 
If floodsfshould produce deep valleys, and anew 
set ofvolcanses should form small mountains at 
the bottom of the valleys, we should have the fourth 
period. The fifth period would arrive when rivers 
should have eaten out deep chasms even in the m ost 
modern lava, and formed precipices some two hun- 



dred feet high — w hich would involve a period of 
considerable duration. 

While great changes are going on in the inani- 
mate world others no less interesting are produced 
in the animate world ; for we see entire fluctua- 
tions in quadrupeds and other beings which succes- 
sively inhabit the region. It is impossible to re- 
present in a picture, in their proper proportions, 
the hight of the various parts of the country. The 
fresh water formations do not appear sufficiently 
in depression to give the proper appearance of the 
ancient lakes. 

There is no doubt that the superior upheaval of 
the Southern part of the country was what caused 
the drainage of the Lake and the excavation of the 
valleys which are cut through them, producing 
what is called the Lacustrine formation. If we 
simply take for granted the upheaval of the whole 
district, (which need surprise no one, for we shall 
have occasion to show that far more extensive up ■ 
heavals above the level of the sea are now going 
on ;) we need only suppose a series of movements 
such as are demonstrated to have taken place, to 
have raised the Southern portion at a greater rate 
than the Northern, to find an easy explanation for 
these geographical phenomena. 



THE LACUSTRINE PERIOD. 



I have now stated that cotemporaneously with 
these. mighty changes, physical and geographical, 
there went on a series of revolutions in organic life. 
I am not going to enter in the present lecture upon 
the difficult problem of the origin of granite. We 
must take the granite as it exists in the country. — 
Hills are made of it, and lakes have been hollow- 
ed out of it. I will come at once, then, to the 
Lacustrine period. The lakes were inhabited by a 
different set of she]l-fish, of moluscular animals, 
•water-birds, crocodiles and turtles from any that 
now exist in that part of France. There are now 
no such animals as once abounded in the ancient 
lakes of Aiavergne. We find their remains well 
preserved in the various strata. The tortoise 
which then existed is not now to be found. I may 
remark, too, that there have been discovered the 
skeletons of some thirty or forty quadrupeds to 
which CuviEK gave as many different names, as 
the Palasotherium, Anoplotherium, &c, which 
need not be mentioned. The Palseotherium is an 
intermediate species between the Tapir and Rhino- 
ceros, and the Anoplotheria has some relation to 
the same animals, and also to the hog tribe. There 
are also several species of animals found in the 
neighborhood of Paris, which now exist — though 
not in that region — as, for instance, the species 
of Oppossum, which now exists only in this coun- 
try and Australia. On the whole, there are about 
fifty species of quadrupeds discovered, some of 
which are as large as the Rhinoceros. I need not 
say that a single jaw, or even sometimes a single 
tooth, is quite sufficient in the hands of a Naturalist 
to decide the species of this Mammalia. These 
animals were undoubtedly washed down by the 
swelling of the rivers, just as they are liable to be 
now. We have no hesitation in saying that these 
fty species of quadrupeds have now passed away 
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from the globe. Some might doubt our ability to 
say this ; but a little consideration of the fossils 
found will be sufficiently convincing. I have pro- 
cured drawings of one or two shells which are 
there found — as, forinstence; the Planorbis, which 
abounds at present in the lakes of North America, 
and which once existed in the lakes of France, and 
are now found in the strata. The Valvata, a fresh 
water shell which is common here and in Europe, 
was also to be met in the old Lacustrine formation 
of France. Any naturalist will be easily convinced 
that these shells are now extinct in that region, 
and no one will be so skeptical as not readily to 
grant that we are safe in saying that the Palreothe- 
rium, the Magatherium, and many other large 
quadrupeds which Cuvier discovered and com- 
pared, are now lost, and have been permitted by 
the Author of Nature to die out from the globe. — ■ 
This is the first state of the ancient world of this 
region, to which we are carried back by the geolo- 
gical monuments of this scene. 

The next period of the ancient volcanic rocks of 
Mount Dor was when they produced a perfectly dis- 
tinct race of quadrupeds, of which I delieve only 
one has been found to resemble those of the former 
period. All the genera are different, and almost 
all of this period are of existing genera, but not to 
be found in that part of Europe. We find the rhi- 
nocerous, the elephast,' the hippopotamus, the bear, 
and others, which never within historical times 
have peopled the cold region. The beaver which 
is found is not the same as that now common to 
Europe and North America — and so wkh a vast 
multitude of others. 

But you may ask how we should have these fos- 
sils remaining in valcanic rocks — how they could 
be preserved if they were enfolded in a sheet of red- 
hot matter as from a furnace? It is easy to ex- 
plain how this might happen. In all volcanoes, 
where the lavas are feldspathic, there are great 
floods ; lakes which exist in the craters are sudden- 
ly voided, as happened in /Etna when floods issued 
from it which swept rocks and quadrupeds with 
ease. Showers of ashes also fall, and often sur- 
prise wild animals — destroy, bury and preserve 
them. In this way it is that we find the skeletons 
of so many quadrupeds entombed in the ancient 
ashes — conglomerates as they arecalled — the rocks 
being formed of the pebbles carried down by these 
floods. 

But before I speak farther of the quadrupeds of 
that period, all of which are now extinct, let me 
describe more minutely the operations of the first 
period — the first gradual filling up of the lakes and 
the formation of the Lacustrine strata; then we will 
speak of the origin of the volcanic mass and of the 
animals buried in it. Let us first ask how these 
ancient lakes are filled up. We find around the 
borders, and under the other strata, beds of pebbles 
which have been derived from the rounding of 
fragments torn from rocks in the neighborhood ; 
and there is this remarkable circumstance connect- 
ed with it, that no geologist has ever detected a 
single pebble of volcanic origin in these conglo- 
merates. Every one knows that if a river flows 
from a country abounding in particular rocks, it 
will bear off and carry along portions of them, dis- 
charging them near the shores of the sea. The 
fine mud is carried out to a greater distance. Now 
there are vast piles of volcanic rocks, some soft and 
others hard and capable of being rounded ; though 



they are sometimes a hundred feet thick, not one 
is found in the old gravel beds of the Lacustrine 
formation. The inference is obvious — that not one 
volcanic eruption had occurred, any more than 
upon the borders of Lake Superior, which is a 
country without volcanic rocks. This negative 
fact alone proves that in the first period the region 
was tranquil and no volcanic eruptions had oc- 
curred. 

The gravel beds at the bottom of the lake soon 
became fine sand and passed into fine marl : some 
sand was carried to a greater distance as you may 
now see falling clouds of it at the mouths of rivers 
settling to the bottom and being carried out. Marl 
which has a leaf-like appearance is often produced 
by the small shells of an insect called Cydris — a 
crustacean — or between an insect and a crustacean 
— which is very like a bivalve, such as fresh water 
muscles, with this difference, that it molts its inte- 
guments, while the others do not. Accordingly 
myriads of these shells fall to the bottom, and for 
hundreds of square miles you may find that the 
strata have plates and leaves as mica causes sand- 
stone to divide ; and this is produced entirely by 
the cases of that small species of animals. Many 
other shells show that this is a fresh water and not 
a marine formation, and this may show how gradu- 
al was the process that went on, as does also ano- 
ther kind of rock called Indusial Limestone— 
which consists of thousands of cases of animals 
which have been embedded by the waters that 
flowed into the lakes. This is in the upper part of 
the marl, and we see it breaking out in the side of 
the hill at Clermont, when it occurs in round no- 
dules. Every one of these consists of cases of in- 
sects encased by limestone. This insect, which is 
called Phrygarea, when it is in the larva state, 
and exists in the water in the form ef a caterpillar, 
covers its case with shells to give it a proper weight; 
it often takes a hundred shells at once ; as we see 
in the American Lakes they take small stones for 
the same purpose. They often seize upon these 
shells without the least ceremony, even when the 
fish are alive within them, and walk about in this 
way. It seems that they swam about in these 
lakes when they fell one after another encased in 
carbonate of lime, until you may now find the 
whole mass leagues in extent. This may give some 
notion of the time required, and the gradual pro- 
cess necessary to produce beds 1,200 feet thick. 
You may often find the seed vessels of plants petri- 
fied in these beds. In several lakes of New-York 
— in Seneca lake for instance, the whole bottom 
is covered by a green plant called Chara and Gy- 
rogonile in such numbers that without other indi- 
cations these alone would tell us of the origin of 
the formation. 

It was formerly a matter of great difficulty with 
Mr. Sckope and other naturalists to explain how 
Indusial Limestone if often found over wide areas; 
it was easy to see how it might exist near the 
shore, but not so easy to understand how it should 
be found at a great distance out ; for the borders 
of these ancient lakes, with all their bays, can yet 
be traced as acu/ately as if they now existed. — 
How should these Indusial Limestones be found 
ten or twelve miles from shore ? A few years since, 
while in Denmark, I believe I found an explana- 
tion. In company with Dr. Beck, an eminent na- 
turalist of Copenhagen, I saw in the lake 20 or 30 
miles in diameter a large band of rushes or reeds 
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floating on the water; they had been torn up and 
floated out miles from the shore. And on every 
one of them was an immense number of the Phry- 
garea, wafted out with them ; and I found that 
twice every year a crop of these rushes of different 
kinds is produced, covered by different kinds of 
Phrygarea, and carried out by storms to the mid- 
dle of the lakes. Thus was removed the difficulty 
which before had existed with relation to this part 
of Auvergne. 



THE vo;l]canic period. 

The transition from the Lacustrine period to the 
Vocanie is not abrupt. Changes rarely occur so 
suddenly as are represented by geologists. None 
such have taken place in Auvergne. Though the 
two periods are very distinct, yet the volcano be- 
gan its eruption before the lakes were drained. — 
Showers of ashes fell into the lakes so that volcanic 
tuff I are often found to alternate with the marl 
containing limestone which is the upper part of the 
formation. Here and there may also be found 
dikes or threads of basalt. The facts show that 
there were few outbreaks of this igneous matter 
before the lakes are drained, when great rivers were 
still carrying down mud to the lakes. But the lakes 
sosn disappeared and then commenced the exca- 
vation of the valleys. 

Of this excavation of the valley there is a beauti- 
ful example along the valley of the Coos. When 
about twenty miles beyond the termination of the 
stream of lava which comes down from Mount Dor 
and filled the valley — we find breccias in which 
are contained the bones of animals. A large part 
of this formation contains beds of pumice stone, 
■which is sometimes found floating on the sea; it is 
produced by the trachyte that, is thrown up, the 
gases expanding within it producing the pores. — 
There is no pumice in the bosaltic formation ner 
in the upper part of Mt. Dor; but in the older por- 
tions you may see thousands of them, showing how 
gradually the mountain was formed just as were 
the Lacustrine formetions. 

In a general view of these subjects you may des- 
pair of understanding them ; but when we ex- 
amine the minute parts and sub-divisions — when 
you see in the volcanic rocks haw one shower of 
ashes has fallen above another, you will begin to 
have hope of conprehending the successive steps 
by which these geological monuments have been 
built up. We see how the mountain was formed 
by the greater filling up of volcanic matter at that 
point than elsewhere ; after that we see how the 
valley was again hollowed out, and then came the 
flood from Mount Dor bringing along the rhinoce- 
ros and other animals of the secosd period. Again 
was this cut out, leaving bones enough to deter- 
mine its character ; and lastly the river had its 
channel occupied by the most modern lava stream. 
About 40 different species of quadrupeds have ex- 
isted there — of all sizes from that of the water rat 
to the great Mastodon. 



ERUPTION OF COSBGUINA. 



In the eruption of Coseguina, in Nicaragua, 
Central America, on the 18th of January, 1835, 
only seven years ago, there was a fall of ashes 
which reached several hundred miles, and some 
fell at Cbiapa, 1,200 miles distant. But for 25- 
miles the beds were ten feet thick. Birds, cattle 
and wild animals were scorched to death in great 
numbers and buried in these ashes ; fish were 
smothered in the rivers; birds fell from the air, 
and the destruction extended over a vast region of 
country. There is evident reason to believe that 
a similar eruption occurred during the formation 
of this ancient mountain, and that the creatures 
which lived there were buried in the fall of red-hot, 
melted matter from the air. Between the two 
eruptions there was probably a long interval, and 
the animals had time to recover their numbers. — 
There have been intervals of seventeen centuries in 
the history of active volcanoes. In the island of 
Ischia is an instance: and in the history of Vesu- 
vius there was an interval of five centuries. We 
have a description of Vesuvius in 1681; it was 
then covered with wood ; its crater was five miles 
in circumference, and over its edge, after descend- 
ing a short distance, was a beautiful copse wood;, 
grassy plains spread out below, cattle were grazing 
upon them, and a pleasant lake added charms to 
the scene. The peasants who lived about them 
had begun to look upon the stories of fiery floods 
having pouied out of it as fables of the olden times. 
All was peace and security. But there came an 
earthquake, aitd in an instant all their forests and 
grassy plains and their animals were hurled into the 
air with the ashes and flame ; then arose as from 
a caldron a fiery flood that filled the whole gulf, 
flowed down in seven rivers and took a direction di- 
rectly over where Herculaneum had been destroy- 
ed sixteen centuries before by a similar flood of 
molten lava : and thus one town was buried beneath 
the other. After the heated gases have found re- 
lief, burst forth and been discharged, it appears 
that the duct or channel gets sealed up — the lava 
cools and consolidates, and it then requires no lit- 
tle force to burst it open again and cause a new dis- 
charge. Thus there is a long interval of rest until 
the gases again accumulate and have sufficient fprce- 
to mako for themselves a passage. 



MOUNT DOR. 



Thus much for the Lacustrine period, and now 
a few words respecting the more modern volcano 
as a type of the class which are the result of only 
one, two or three eruptions, and are often formed 
on the peaks of Vesuvius andiEtna at the hight of 
from 500 to 700 feet in a few months. There is a 
considerable crater at the top of Mount Dor, co- 
vered with beautiful chestnut trees. Getting at the 
top of the crater you look down in a deep funnel. 
One circumstance of interest in regard to this is its 
loose, incoherent nature. There can have been no 
violent rush of water, of sufficient force to carry 
away animals, else much of this loose matter would 
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have been carried away. Every tiling about it 
looked so fresh that one would say it could have 
been formed but a short time ago, and yet we find 
no mention in history of any eruption in this part 
of France ; and when we go down the valley and 
examine the lava stream whice we know to be its 
own, we open our eyes to the prodigious antiquity 
of this most modern volcano. By reason of it3 
loose structure, a3 is also the case with iEtna, all 
the rain that falls upon it is imbibed at once, and no 
streams can be, formed down its sides. 

Following these valleys along you see at last the 
old river bed as it was in the olden time when 
there was no lake and the river flowed on uninter- 
ruptedly. It has a bed of pebbles— formed by 
rounding the fragments of basaltic trachytic rocks 
from the higher country and from the cappings of 
the hills. At a still higher point we find no vol- 
canic pebbles, because there were no volcanoes : 
that then must have been once the Iowerportion of 
the country in order to be a water course, as we 
know it was. 

Ceesar encamped his army but about ten miles 
from Clermont, and yet it does not appear that he 
was aware of any eruption having taken place in 
that vicinity, else he would have alluded to it in his 
Commentaries. And Apollonarius certainly would 
have recorded it had any such eruption taken place 



within his historical knowledge, as he resided in 
this vicinity and wrote a very minute account of 
its history ; but it does not appear that he had the 
least idea of the origin of the lake. So that his 
silence is conclusive as to the high antiquity of the 
occurrence of even these modern events. 

You have from these observations seme idea of 
the great succession of events contemplated by 
Geology. If you ask me why all these hills and 
valleys may not have been formed at once in the 
origin of things? — why they may not have been 
called into existence at the same time as the nu- 
cleus of the planet itself? — I may answer, that even 
the brief skeleton of facts I have given will be suf- 
ficient to show that this could not have been the 
case ; that these hills and valleys were not made 
at the same instant, but that they were the work of 
different" causes, acting at different times — some 
being produced by the action of water, and others 
by fire; that they were produced at different peri; 
ods of time by secondary causes, appointed by the 
Author of Nature to govern the successive changes 
in the inanimate and possibly in the animate crea- 
tion, which he had in his wisdom employed in 
producing the successive changes of which the 
records are found in the very structure of the 
globe. 



LECTURE II. 



IT HE EARTH'S STRATA. 



In the course of my last Lecture, while endeav- 
oring to describe the geological phenomena of a 
region about the centre of France in Auvergne, I 
had occasion to introduce you to several classes of 
strata — the granitic, the volcanic and certain 
aqueous strata, constituting three of the grand di- 
visions of the rocks of which the Earth's crust is 
made up. Let me remark that by the Earth's 
crust technically we mean that part of the exterior 
of our planet which is accessible to human obser- 
vation; and the whole of this may be said to be 
made up of these three kinds of roek. 

The granitic rocks are crystalline and contain 
no organic remains which have been mentioned as 
characterising the sedimentary or aquous strata. 
They are crystalline masses, and the true granite is 
unstratified. It has no pebbles nor any of the 
tuffs or porous rocks which are found in the vol- 
canic class. 

The volcanic rocks may also be said to be void 
of organic remains except those portions which I 
described as containing beds of sand and ashes 
showered down from the air or which fell into 
lakesi; or except those Breccias and conglomer- 
ates which I described as having flowed down the 
banks of some volcano as at Mount Dor, in which 
quadrupeds and other animals have been buried 
and their skeletons found so as to determine what 
animals inhabited that country when the over- 
whelming catastrophe occurred. 



MARINE STRATA. 



The aqueous strata, or those which were formed 
in lakes and seas, are the next division. I shall 
only allude to these briefly by saying that they are 
known to be of fresh water formation from the 
fresh water shells, &c. which are found imbedded 
in them. These fresh water strata compose but a 
small portion of the strata of the Earth's crust ; 
just as lakes now are of small extent in proportion 
to the seas on the Earth's surface, so were former- 
ly the estuaries and lakes of small area compared 
to the ocean; and we find these sedimeatary stra- 
ta containing Lacustrine er fresh water remains 
much less extensive than the make strata. We 
find the strata of marine origin, containing sea 
shells and corals, at all distances from the present 
iore of the ocean, and at all hights above the level 



of the sea. This fact alone would render the re- 
sults of geological investigation extremely interest- 
ing. We find the marine strata often far in the in- 
terior; and among the Alps there are met, 10,000 
or 11 .000 feet above the level of the sea, rock con- 
taining unequivocal remains of creatures that once 
lived in the ocean. I have myself gathered lime- 
stones containing marine shells far above the hight 
of perpetual snow in the Bernese Alps and at 
Mount Carmel, the highest point of the Pyrenees. 
And still more recently there have heen found in 
the Himmelaya Mountains, 10,000 feet above the 
level of the sea, similar organic remains ; and thia- 
not only in the mountains, but limestones contain- 
ing these fossils are continually found through the 
whole table land of Thibet; so that this vast plat- 
form of Asia is made up of rocks formed — not at 
the most ancient geological period — gradually be- 
neath the ocean, and which have since risen up to 
higher regions. I speak as if we had already 
proved that this process is carried on by the up- 
heaval of the land and not by the subsidence of 
the sea. In my next Decture I will endeavor to 
convince you by distinct evidence of the mighty 
changes that have taken place, that this was the re- 
sult of a rising up of the land, and not of a sink- 
ing down of the sea. Speaking in the language of 
that theory, these mountain masses, which now 
appear at hights of one, tvio and even three miles 
above the level of the sea, were formerly beneath 
the ocean, and were raised up during the first era 
of animals and plants, and not all at the same pe- 
riod. 

Now the sedimentary or marine strata which 
enter thus largely into the masses of the Earth are 
divided into various groups, which we refer to dis- 
tinct periods. They form a chronological series 
of volcanic action — a history of the Eauth ; and 
when we trace this series down from the most an- 
cient to the most modern, it is not till we arrive 
at the latest of the great series that we come to 
those groups that environ the section of France 
which I have already described. Grand as was 
this series of events, it is not till we arrive at the 
latest of the larger groups that we come down to 
this Epoch. I shall not at the present meeting 
attempt to sketch the history of the different forma- 
tions, but continue to describe most particularly 
this strata and those which are cotemporaneous 
with it — those containing the remains already 
alluded to, or those of a posterior date. Now the 
oldest of the series of which I spoke last, is the 
fundamental granite ; and the fresh water forma- 
tions are imposed upon it. In order to classify 
the different depositions which belong to this more 
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modern period of the Earth's history it is indis- 
pensable to attend to the organic remains, and par- 
ticularly to the shells contained in it : — shells are 
more useful in this science than any other indi- 
cations, and have been appropriately called the 
medals, by aid of which Nature has recorded the 
events of the most ancient history of the globe. ' 
They are found in such abundance in the fresh 
water and marine strata of all ages, that by com- 
paring and contrasting them we may build np a 
chronological series, and find characters clearly to 
distinguish the different periods. In the fresh 
water formation in the neighbsrhood of Paris are 
found twelve hundred species of these shells — 
carefully distinguished from each other ; as is 
well known to Conchologists, only some thirty of 
these species are known now to exist any where 
upon the globe. We are acquainted with about 
10,000 species of shells ; and of these only 30 re- 
semble any of the 1200 found in this strata. You 
may ask how we know that these rocks were 
formed in the lakes in the province of Auvergne, 
at the same time that the others were formed in 
the sea on the site of Paris. The manner in which 
we make out this cotemporaneousness is briefly 
this : — Rivers carry down shells to the sea ; the 
shells of the American Lakes, for example, are 
carried from Lake Erie and other lakes by the 
River St. Lawrence into the marine gulf of St. 
Lawrence. The Tiber carries down the fresh 
water shells of Italy to the Mediterranean, and 
deposits them in the Delta. So of the Adige and 
the Po ; and if we examine the strata in the Delta 
we find that they are filled with fresh water shells '• 
and contain also marine shells. So in the neigh- 
borhood of Paris — shells of the Lacustrine deposit 
are mixed with marine shells. Quadrupeds, too, 
are carried doivn by rivers and deposited with the 
10 or 1100 species of marine shells of which we 
were speaking; and by this means we first know 
that these quadrupeds lived, and these sheKs in- 
habited the lakes when the sea was inhabited by 
those testacea. In Vicenza. Italy, we find certain 
marine strata, and in Paris these alternate with 
volcanic formations, and thus we make out the co- 
temporaneousness — the Synchronism — of a cer- 
tain volcanic formation, and a certain marine or 
Lacustrine strata. 



PERIODS. 



It is necessary to have some technical names for 
these periods', otherwise it will be impossible for 
you to follow me when I allude to them. By a 
few terms we may express in a word what it would 
be tedious otherwise to express. By the Eocene 
period, then, I mean the oldest, as when this fresh 
water strata of Auvergne and ether districts con- 
tained the same shells af alternating strata. It takes 
its name from ijuj — the dawn, and Kaivos, recent; 
because the fossUiferous strata of this period con- 
tain but few species that are now living, which 
may indicate the dawn of the existing species of 
testaceous fauna. The next period I call Miocene, 
from jtsisv, less, and Kaivos, recent; because it 
contains a ' minority of recent species — a much 
greater number than the Eocene, but still a mi- 
nority. The next period is the Pliocene, from 



ifKHWi mere, and Kawos, recent; because it con- 
tains a plurality of the existing species. That is, 
out of 100 species of shells found in the Eocene, 
one or two only will be of those now living. When 
the land had been raised by volcanoes — in the Mio- 
cene period, about one-fifth, or twenty out of the 
100, may be identified with existing species. And 
if we come down to the more modern or Pliocene pe- 
riod, more than one-half the shells are identifiable — 
and sometimes 90 out of the hundred. 



THE AUVERGNE DISTRICT;. 



When the volcano which formed Mount Dor in 
a period distinguished as recent, was filling the 
lakes in that region, by volcanic eruptions lakes and 
seas in other parts of Europe were filling np, and 
that at no great distance. If you travel from this 
mountain to the Loire near Tours you may find 
great numbers of marine depositions — strata rich 
in shells ; and you may find, too, some of the very 
quadrupeds buried by the ashes and scoriae and 
preccias which floated down into the sea, and were 
buried near the shore in marine depositions; ena 
bling us thus to prove that those strata were formed 
in the same period, and that the basin of the Loire 
was formed in the same Zoological period as this 
Mountain. So also in Bavaria are many Lacus- 
trine deposites, and on the Rhine you may find 
the same quadrupeds associated with fresh water 
shells. Thus extending your observations from 
one part of Europe to another, you can prove that 
in the second period there were volcanoes making 
marine deposites. Thus is it on the borders of the 
Loire between Tours and Mount Dor ; and four- 
fifths of the shells found there are of now extinct 
species — while the other fifth are still living. This 
period is called Miocene — as containing a minority 
of shells of existing species. 

I might remark that these formations are found 
all through the United States. In my tour to the 
South I found in Virginia formations belonging to 
the first or Eocene period. [The whole group is 
called) Tertiary, to distinguish it from the Second- 
ary formation. A friend lately suggested to me 
that he • ould never remember the order of the dif 
ferent periods — Eocene, Miocene and Pliocene, 
until he observed that it was the natural order of 
their initials — E. M. and P. — in the alphabet. These 
little helps to memory are often of considerable 
value.] At Richmond, Va., at Wilmington, N. C. 
and for 40 miles on the Santee river and between 
Augusta and Savannah I found Eocene strata, con- 
taining shells of a species identical with those 
found in the Paris basin ; the same shells are 
found all along yoHr coast as on ours. You have 
on the James river beautifully developed the ma- 
rine Miocene strata — and this fact has before been 
pointed out by Rodgebs and other American Ge- 
ologists, whose observations I am only confirming 
and perhaps adding something of my own. You 
see there the strata containing marine species in 
nearly the same proportion as those on the Loire. 

But I must not spend timeupon these matters, lest 
I pass over the main object of the present lecture. 
If you had examined a portion of this country 
when the Lacustrine and Eocene strata were largely 
developed, and should then go some 20 or 9 
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miles from Mount Dor and explore the valley of 
that part of France, when on all the hill sides you 
found nothing but fresh water formations, you 
might say that between the white marls that con- 
tain these shells and the other period- there was 
nothing" intervening' except a thin stratum of vege- 
table soil; and that therefore (a mode of reason 
often followed by geologists,) there must have 
been a sudden transition from that state of the 
globe under which the Palceotkeria lived, and when 
shells peopled the lakes — crocodiles, turtles, &c. — 
to the present ; that there must have been a sud- 
den annihilation — a sweeping away of. existing 
races, and an introduction of those that now inhabit 
it. But when you pass to Mount Dor and observe 
the manner in which the volcanic strata overlie 
the fresh water, you will see how vast a period 
must have intervened between the present and the 
Eocene — giving time for another race of quadru- 
peds — the mastodon, hippopotamus, hy ?na, and 
other animals to supplant the more ancient. But 
you may ask might not this at least have been the 
last formation? Examine the great sheets of lava 
which are there. Then follow on and find where 
suddenly they are cut off and again resumed — a 
vast bed of pumice, and trachyte and basalt cor- 
responding to a similar one on the other side of the 
valley. Consider that instead of this being the 
last in the series there has been an excavation 
of the great valley, and a throwing up of the Puy 
de Tartaret and the flowing out of a stream of 
lava for 30 miles, and then a subsequent erosion 
of the ravines by the lava. By this time, if you 
are a philosopher, you will have acquired more 
caution, and will not hastily assert that the Mio- 
cene period was the last ; you will say rather that 
on extending the sphere of your researches you 
were obliged to abandon your first opinions, and 
so if you still farther enlarge the field of observa- 
tion to other parts of Europe, you would see that 
there was another strata between the Miocene and 
our own — and such is the case. 



THE SUB-AFPENINES. 



When you have entered Italy and followed the 
Appenines from the Po to Calabria you find a low 
range of hills called by Brocchi, an Italian Geolo- 
gist, the Sub-Appenines, consisting of strata of a 
date posterior to the Miocene. These we call the 
Pliocene — which are divided into the Older and 
Newer Pliocene. I shall not dwell upon the first 
but allude to the Newer Pliocene, or more modern 
part of the group. In the South-Eastern part of 
Sicily we have an example of marine formations 
©f the Newer Pliocene. There are rocks of ma- 
rine origin in which you would at first say that al! 
the shells were the same as those that now people 
the waters of the Mediterranean ; and yet when 
you come to a more careful examination you will 
find that one-tenth are of a species never seen in 
that sea. These rocks are sometimes 2000 feet 
thick, and it would be easy, if I had time to de- 
scribe them minutely, to show that they had been 
accumulated in the same slow and gradual manner 
as the fresh water strata of Auvergne were elabora- 
ted by the deposition of one layer after another, 



with this difference, that in the former the organic 
remains are marine, and in the latter they are those 
of lakes, and therefore a fresh water species. An- 
other difference is that volcanic rocks are distribu- 
ted nearly through the whole thickness of the 
| formation in the South of Sicily. Near Syracuse 
also you may see a strata 2000 feet thick, altern- 
ately of volcanic and marine origin ; at the bottom 
is a bed several hundred feet thick of volcanic 
ashes, then a bed of limestone, on which rests the 
great sheet of lava. In one of these strata at 
\ incenza an observer found a bed of oysters 20 
feet thick. There had been time for this oyster 
bed to accumulate — for Serpalvae and other para- 
sitic animals to attach to them until the bed grew 
20 feet thick; and then a stream of lava rolled 
over it. These facts shew how gradually these 
strata were formed. Another remarkable circum- 
stance is that these rocks rise 2000 and in Castro- 
giovanni, in Sicily, 3000 feet above ihe level of 
the sea. These have all been formed since the 
newer series of strata were deposited. Velcanie 
matter often rises in the sea, overflows the bottom 
and forms a temporary island, as Graham's island 
was formed five years ago. The waves soon de- 
stroy it, spreading the volcanic matter over the 
bottom of the ocean. All this takes place befere 
there is any upheaval. Here, too, we have proofs 
of what an extended series of groups in the chro- 
nological table is to be formed subsequent to the 
Miocene period — the date of that volcano, before 
you think you have come to the end of the series 
of modern events — those which are considered as 
belonging to modern history. 



MOUNT .ETNA. 



My principal object in the present lecture is to 
convince you how far from the end of the series 
these rocks were formed, although they have a re- 
spectable claim to antiquity. When* we examine 
JEtnn., and th» strata on which it rests, we shall 
see another period, called the Post-Pliocene pe- 
riod, as being subsequent to. the Pliocene. In this 
all the shells are^of the t existing species. Its form- 
ation has been sufficiently protracted te admit 
the elaboration of this vast series of velcanie move- 
ments. The locality which I shall select this eve- 
ning is Mount ./Etna — for that volcano rests on 
strata in which all the shells and corals appear to 
be identical with those now found in the neighbor- 
ing seas. 

The height of iEtna is wearly 11,000 feet. It- 
was well described by the ancients. It is divided 
into three distinct zones, called the fertile, the 
woody, and the desert regions. The lowest, the 
fertile, is a most beautiful territory, embraced the 
delightful country around the skirts of the mountain. 
It is well cultivated, covered with groves, olives, 
wines, corn, lemon and other fruit trees, and is 
densely inhabited. "When you pas3 above this, (and 
Hi extent may be judged when I say that the base 
of the mountain is ninety miles in circumference,) 
you come to the woody region, a thick forest of 
chestnut, oak, and pine trees growing upon lavas 
of different dates : and as you' go higher you occa- 
sionally find groves of oak and beech. This region 
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is rendered extremely beautiful by the great num- 
ber of minor cones, or small volcunoea like Pay de 
Tartaret, which have broken out at different peri- 
ods on one side of tha mountain. Some of these 
are four or five hundred feet high, and one of them, 
Monte Minardo, is seven thousand feethigh. There 
are few objects in Nature more beautiful than this 
multitude of minor cones that have broken out and 
covered the trees of this woody region. This zone 
is two, five and in some places six miles wider and 
when at its upper limits you are about five thou- 
sand feet above the level ef the sea. From the up- 
per confines of this forest region, in 1823, I took a 
sketch of the scene above us. We climbed up upon 
the eastern side. But from that point we have 
still six thousand feet elevation between the high- 
est point and the foreground of this picture. The 
mountain is generally symmetrical, in the form of 
a flat cone, broken down upon the eastern side by 
a deep chasm called the Val del Bove, as may be 
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[Only that part of the drawing 1 presented by Mr. Lyell, 
■which is necessary to show the Val del Bove, is here copied. 
The following: are all the explanations necessary : 

a — highest cone of ./Etna. 

b— Montagnuola. 

c— head ot Val del Bove. 

f and g— lateral cenes. 

At e, the extremity of the ravine, is a little village called 
Zaflhrana, at the lower border of the woody region. Rep ] 



After entering upon the woody region, and rising 
about one thousand feet from the base, you reach a 
great precipice two or three thousand feet high ; 
then comes a plain covered deeply with snow, and 
lastly the cone, eleven thousand feet above the 
level of the sea, from which steam or aqueous va- 
por is constantly emitted. When these views were 
taken, which was in October, there was less snow 
upon the mountain than at any other period of the 
year. One eruption from the summit occurs for 
every two of the cones on the flanks. When one 
of these happens the melted lava pours out over the 
snows, which are suddenly melted, and rush down 
the mountain, producing sometimes floods which 
sweep down the flanks and across the valleys. — 
Excfipt when floods thus occur, there is a singular 
absence of running water on the flanks of the moun- 
tain The silence which pervades on this account 
is quite remarkable ; for no tmrents dash from the 
rocks, nor is there any movement of running water 
as in most mountainous countries. Not a rill runs 
down the sides. All the rain that falls from the 
heavens, and all the water from the melting snow, 
is instantly absorbed by the porous lava. 

There are numerous vertical dikes which tra- 
verse^the mountain and sometimes extend for more 
than a thousand feet in a perpendicular. They con- 
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sist of liquid matter emitted by fissures, which as 
' it rises is consolidated, mixed with tuffs and scoria?, 
and thus becoming harder than the cliffs around, 
resists decomposition and stands out in bold relief, 
while the rocks around are wasted away by the ra- 
pid freezing and thawing to which this region is 
exposed. There was an opportunity during the 
eruption of 1669 of observing the manner in which 
these dikes are produced. The mountain was rent 
asunder by fissures radiating from the centre- 
though some of them were parallel. These emitted 
a vivid light, showing the incandescent lava at a 
great depth below. The lava flows sometimes nine 
or ten miles down the split mountain, and when it 
is cooled and crystalized it forms one of these ver- 
tical dikes. Similar dikes are formed in Madeira, 
where basalt has been traversed by volcanic rocks. 

It is supposed that as often as Mount iEtna is 
rent open, there may be a slight upheaval of the 
whole mass — an uplifting bodily of the whole moun- 
tain : and if we suppose that this has happened 
from the earliest periods, it may explain the great 
difficulty which has puzzled some geologists in en- 
endeavoring to explain why the more ancient part 
of the mountain has not been covered by posterior 
eruptions. It has been objected, that if the whole 
mountain was formed (as I believe it was) by suc- 
cessive eruptions, that the ancient parts of the vol- 
cano ought to have been buried long ago by the 
more modern eruptions. I ought pehaps to have 
remarked, that there is a general dip of the beds 
in all directions, which there are two ways of en- 
deavoring to explain. One attributes it to sheet3 
of lava flowing to a certain point ; and the other to 
an upheaval in the centre, tilting the beds in all 
directions. Both of these may be in some degree 
true. I will now endeavor to show why the most 
ancient parts of the mountain would not be covered 
by the overflowing lava. 

We know that there has been an upheaval of the 
whole mass of /Etna at no very remote period; be- 
cause the mountain rr.sts oh a marine stratum 
which contains shells identical with those now liv- 
ing in the Mediterranean. A force which could 
carry up this marine strata which skirts the sides 
of the mountain must have been able to carry up 
the whole mountain ; and if the lavas did not cover, 
at each successive eruption, more and more of this 
marine strata, we should be able to trace it to a 
greater hight up the mountain. As it is, we find 
it about 1000 feet above the level. If the ancient 
part of the mountain has been thrown up in this 
way, we readily find the explanation of the phe- 
nomena we are seeking. First, let me state that 
all geologists admit that the formations ef alternate 
lava and scorice of which the mass of iEtna is con- 
stituted, is of supra-marine origin — that it is formed 
above the water; for it contains no marine shells — 
no beds of tuff— no stratified mass — no fossil.') ; but 
has every indication of being a volcano found in 
the open air. At first, the volcano may have been 
of moderate hight — accumulating one fepd upon an- 
other until it ieached a hight of 4 or 5090 feet. — 
Then as it grew higher an eruption would take 
place, as it does now, chiefly on Hanks. , 

1 told you that an eruption generally occurs on 
the summit for every, two on the side? : that is tlfb 
proportion that has been observed during the his- 
torical period. The higher the mountain becomes, 
the greater, evidently, is the hydrostatic pressure 
of the column of lava that rises up : the higher the 
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chimneys the greater the pressure of the lava rising 
within them upon the flanks. In this way the lava 
might continue to rise until at last, if it became 
more than two miles high, the pressure would have 
become so enormous as to burst through the flank 
of the mountain. Every geologist will admit that 
in a volcano such an outbreak may take place. At 
first, before this the accumulation went on by erup- 
tions from the summit ; but these eruptions being 
afterwards performed on the flanks about the woody 
region ,the older part of the volcano was not buried 

Before I go farther, there is one point of great 
interest which I will notice : ./Etna is, of all vol- 
canoes that of which we have the most ancient re- 
cords, and to a knowledge of which history and 
tradition carry us the farthest back. There is a 
tradition mentioned by Dioeqrus Sicuxus, that 
an eruption happened before the Trojan war, which 
compelled the Sicani to desert their district. Thu- 
C ydides tells us that in the sixth year before the 
Peloponnesian war, or in 435 B. C., an eruption 
occurred which was the third that had taken place 
there since the colonization of Sicily by the 
Greeks, (a) The second of these three eruptions 
was the one mentioned in that beautiful ode of Pin- 
bar, which is worth referring to because it is the 
description by a poet which corresponds precisely 
with the appearance of the volcano twenty centu- 
ries afterward when Catania was destroyed in 1669. 
Part of the city had been overflowed during the 
eruption, alluded to by Pindar. In that passage 
Pindar speaks of " the snowy yEf.ua, the pillar 
of Heaven— the nurse of everlasting frost, in 
ivhosedeep caverns lie concealed the fountains of 
unapproachable fire — a stream of eddying smoke 
by day — a bright and ruddy fame by night : 
and burning rocks rolledovm with loud uproar 
into the sea." (b) 

We have still the ' stream of eddying smoke ' by 
day produced by an eruption. It had the same 
appearance when I saw it in ] 828, and also when 
Mr. Scrope saw the stream nine months after it 
began to flow in 1819. He says that it was then 
moving on at the rate of one yard in an hour: du- 
ring the day it constantly emitted a dense vapor: 
for aqueous vapor enters minutely into this lava, 
though no chemist has yet fully explained it. As 
often as the stream cracks, it emits several gases, 
but chiefly steam, which boiliRg up brings the lava 
to the surface, and causes it te overflow the crater 
just as steam in a kettle carries up the water,, and 
causes it to spill over. So this steam and all the 
gases become entangled with the red hot lava, cau- 
sing it to discharge large quantities of aqueous va- 
por during the whole process of conglomeration. — 
By night we saw the same cracks emitting a glow- 
ing heat, and the whole stream makes out the 
' bright and ruddy flame.' 

It is a singular circumstance, in regard to the 

(a) Thuycidides, Book III. Sec. 116. 

(b) This passage may be found in Ibe 1st Pythian Ode of 
Pindar, beginning 

Xpurca <popfiiy% AttoAAg)- 

vos k<xl torXaKaiiUv 
TiwiiKov Mofaav KTcavov, k. t. A. 
The description of ^tna, the whole of which is extreme- 
ly beautiful, commences with the concluding lines of Dec. V. 

K101V 

A "ovpavta cvp£%£t 
NtQoeac A.iTva, navsres 
Xiopos ofstatp riSrjva, 
and is continued through the seven succeeding verses. 

[Reporter. 



theory of flowing lava, that, instead of being level, 
as you would naturally expect of a liquid, there 
are hillocks of considerable hight along its surface, 
in consequence of the uneven grouiad over which 
it flows. Another peculiarity of these streams is 
the fact of their becoming hard and solid while in 
motion. Instead of thinning out, as would be nat- 
ural, at the edges, the upper surface becomes cool, 
and the sides likewise, and both grow hard ; so 
that the edges are often rocky walls, inclined at 
angles of from 30 to 40 degrees. It is thus a flood 
of red hot lava flowing along a solid tube. Thus, 
when they come to a rise of greund, the streams 
rise as water does in a pipe — as has been the case 
in the Val del Bove. When the stream comes to 
a hill, it goes up the slant in a tube of its own ma- 
king, and thus, too, it goes up the sides of solid 
walls. In 1669, when Catania was threatened with 
destruction by the approaching stream, a respect- 
able citizen of the town, desiring to secure the city, 
took a troop of some fifty men, who, clothed with 
skins te protect them from the heat, and armed 
with iron crows and pick-axes, began to quarry the 
solid waHs and let out the lava. They opened it 
at the village of Belpasso,. and the stream immedi- 
ately issued forth and took the direction of Pater- 
no. But the inhabitants of that town, being alarmed 
for the safety of their own village, took up arms 
and prevented further operations. The torrent, 
therefore, moved on to Catania, and the inhabit- 
ants of that city, being terrified for their safety, 
turned out and threw up a rampart of stones, hewn 
from the the lava, sixty feet high. On went the 
burning torrent, and when it arrived at the wall, 
it continued to accumulate upon itself until it 
topped the wall, curled over, and fell in a fiery Gas- 
cade upon the town ; it passed on to the Mediter- 
ranean, which it entered with a loud explosion. — 
This corresponds precisely with the description of 
Pindar. The Prince of Biscari afterwards, at great 
expense, made a quarrying out of the lava, so as to 
show the manner of its falling over ; and you may 
now see the upright wall, with the stream of lava 
curling over the top — appearing like a petrified 
cascade of lava, and remaining visible to this day. 
This drawing will give you some idea of the view 
of iEtna, and the situation of various localities 
near it : — 




a — highest cone. 
6 — Monlagnuola. 

c — marine formation — rarely fouifld above the dotted line 
k t. 

/—escarpment of volcanic luff, Sic. N. W. of Catania. 
g — town of Catania. 
Ic— pjiin of Catania. 

I— limestone platform of the newer Pliocene, from which 
the view issuppoBed to be taken, 
m— LaMotta di Catania. 
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From these facts you may get some idea of the 
slow manner in which the lava current goes on, at 
the rate of a yard an hour for days, months, and 
sometimes for years. 

It is very generally conceded that the origin ef 
the chasm on the side of the cone — the Yal del 
Bove — was in the subsidence of the ground for 
some 3000 feet. We have an example at no very 
remote period when the Dutch possessed the Island 
of Java, of a similar sinking down in the volcano 
Papandayang — but a little before the commence- 
ment of the nineteenth century. A space of ground 
some fifteen miles long and six or seven wide gave 
■way during an earthquake, and buried forty villa- 
ges ; and one part of the volcano fell in after an- 
other, until Papandayang lost 4000 of its hight. — 
The mass engulphed was larger than we need sup- 
pose was swallowed in order to produce the Val 
del Bove on the East side of i£tna. There are two 
mountains mentioned by Pliny, and since his time 
the chasm between them has been nearly filled by 
the deluge of lava. 

The composition of all the lavas of iEtna, from 
the oldest to the most modern, is singularly homo- 
geneous. That of the modern eruptions of 1811 
and 1819, when analyzed, was found, to consist of 
the dark mineral augite, and of a kind of feldspa, 
called Labradorite. It has large quantities of iron, 
some of which is titaniferous. The most ancient 
lavas of which thousands of sheets are found, con- 
sist of nearly the same materials. At those points 
where we can see farthest into the internal struct- 
ure of the Mountain, we find that it is constituted 
of successive beds of lava and scorirc — with large 
quantities of augite and feldspar, have a granitic 
structure. As we go farther down, we find masses 
of rock, which are still more granitiferous: they 
are not divided into strata, nor do they agree with 
the Tolcanic rocks; we thus reach the Plutonic 
rocks, and I must endeavor to make you familiar 
with the technical term. Volcanic rocka are fre- 
quently porous, because they are found near the 
surface, and the discharge of their cases causes 
pores in them, as in the slag of iron furnaces.— 
When they exist in a strata of considerable depth, 
the pores diminish and the rocks become stronger, 
and begin to crystalize, until we reach the bottom, 
when they have no pores. Crystalization has taken 
place under a pressure, and they have slowly cooled. 
The Plutonic rocks consist of certain porphyries, 
and have silex and alumine, but never scorias or 
volcanic sand or pebbles, nor are any signs of these 
fouad near the surface. As, therefore, Volcanoes 
had been thus named, because Vulcan had his forge 
under JEtna, so it was natural that these rocks 
should be called Plutonic, as being found in the 
realm of Pluto, where flowed the Phlegethon — river 
of fire — and the Lethe rolled its watery labyrinth, 
which may be mythical of the Lethean influence 
exerted by these rocks — for we find that when : 
these granitic masses come in contact with a fos- 
siliferous strata, they destroy every trace of organic 
remains. If we suppose all the different strata to 
come in contact with these, we shall find that we 
can trace the passage from those of the most fos- 
siliferous state to that when fossils are rare, at last 
come to a pure erystal rock, such as is sought by 
the sculptor. The Carrara marble is an example 
of this kind. Fermerlythis was called a primitive 
rock — one of the oldest. Now it is known not to 
be of high antiquity, but to have been converted 



from fossiliferous rock by contact with granite, 
which kas deprived it of all its corals. Its Hodules 
of flint have been fused, and occasionally will be 
found crystals of augite, against which the Sculp- 
tor sometimes breaks the edge of his chisel. I give 
this as an illustration with which you all acquainted; 
it is only one of a thousandl might mention. Thus 
you see that rocks which are fossiliferous, when far 
from Plutonic rocks, may become non-fossiliferous 
when placed for ages in their vicinity. 

It was formerly a great puzzle for chemists to ac- 
count for the manner in which heat pervaded the 
rocks, because they. are bad conductors. But they 
should recollect that in the interior of the Earth 
we have to deal not only with masses of melted 
matter, but with steam. Volcanoes, besides mine- 
ral matter, discharge various gases — but nine- 
tenths of their matter is water. The steam, before 
it found vent, mingled intimately with the pores of 
the lava, and forced the sides to disengage. Any 
rock, no matter how solid and compact, when put 

' incontact with an immense reservoir of this, would 
become porous and spongy, under so enormous^a 
pressure. This may be seen at Corinth, in the 

4 Lipari Islands, in Greece and other places. This 
hypothesis rm>3t not be combated, then, by objec- 
tions founded upon the results of subjecting rocks 
to the heat of our furnaces; for they exist under 
altogether different conditions in the interior of the 
Earth. 

I may state, that, as these remarks relate to the 
most difficult theories of geology, it is not to be ex- 
pected that you should at once follow them. As 
I omitted it at the first lecture, I will say a few 
words of the origin of granite rocks. The true 
un stratified granite is generally believed to be of 
igneous origin, formed by that part of the volcanic 
phenomenon which is far below where the eruption 
takes place. In Mount Dor, they are believed to 
be below the Miocene, and in jEtna, below the 
Post Pliocene ; and so of all antecedent periods. 

It is impossible, though we know more of the 
history of iEtna than of any other volcano, to form 
even an approximate estimate of the number of 
years required for the accumulation of such a mass 
of volcanic matter. There is no reason to suppose 
that the ancient eruptions were more violent than 
the modern. The sheets of lava separated by beds 
ofscorireand breccia, in the ancient part of the 
volcano, do not appear to be of any greater thick- 
ness than those of the modern. There is one me- 
thod of attempting the computation of the more 
recent part of the mountain — to consider the minor 
cones which adorn its flank. Of these there are 
eighty of the first magnitude. We cannot, from 
what we know of these, suppose that more than 
one-fourth of them were produced since the earliest 
periods mentioned by Diodorus Siculus and Thuy- 
cidides. There may have been more activity, cr less 
violent convulsions; but if we suppose that, in 
1 2,000 years all these eighty cones were produced ; 
and if we strip them all off, we shall still have the 
great collossal mass of jEtna remoining behind. It 
would still be one of the loftiest mountains in 
Sicily. It is evident, at all events, that, between the 
formation of the latest period of thePuy de Tartaret 
and the oldest of MtnBL, the whole of the older and 
newer Pliocene periods must have intervened. 

In my next lecture I will endeavor to explain, 
from the remains of the temple of Serapis, some of 
the proofs of the upheaval of the earth. 
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LECTURE III. 



UPHEAVAL AND SUBSIDENCE OF 
THE EARTH. 

Ladies and Gentlemen : 

I have had occasion, in both my previous Lec- 
tures, to allude to the fact that various marine 
fossils — the fossil remains of animals that once 
lived in the ocean — have been found entombed 
in the rocks of various districts ; not that we 
find the remains of marine creatures strewed 
over the surface of the Earth merely, as if the 
Sea had once overflowed the land; but we find 
them embedded in the midst of mountains, at all 
depths below the surface, and entering into the 
composition of the mountain masses themselves, 
making up their very materials, sometimes for two 
or three miles thick, all having been gradually ela- 
borated under the water; thus furnishing the most 
indisputable proof that what is now dry land was 
once for ages under the water and formed the bed 
of the sea. Here the geologist finds himself re- 
duced to the alternative of supposing either that 
the ocean was once higher than it now is, and that 
it has been lowered; or that the land, the solid 
land itself, has been raised up. The earlier geolo- 
gists preferred the notion of a sinking, a general 
sinking, of the sea ; for the ocean cannot be low- 
ered in one place without a general subsidence 
throughoutthe whole extent. But when the struc- 
ture of the Earth came to be more attentively 
studied and more thoroughly examined, geologists 
gradually came round to the opposite opinion, 
namely, that the land had been elevated ; and this 
opinion was embraced for several reasons, but 
principally because it would account for all the 
observed phenomena, explain all the periods of 
stratification — those in which the strata are dis- 
turbed and fractured as well as those in which they 
are horizontal. For if they were all upon a level, 
then the going down of the sea might explain their 
appearance ; but as we'find them curved, bent and 
fractured, the other theory is the only one which 
will explain both appearances. 

Another reason for embracing the hypothesis of 
an upheaval of the Earth is this — that we find in 
the crust of the Earth fresh water formations — you 
(are now familiar with this .term) — beds formed in 
lakes and estuarias, lying -beneath the deposites 
which are evidently of marine origin. For exam- 
ple, in some parts of Europe you find the white 
chalk — a marine, calcareous matter, produced be- 
neath the sea mainly by the decomposition of shells; 
beneath that you find another stratum, evidently 



' of fresh water origin. Now to explain how a ma- 
rine stratum 1,500 feet thick could have been thus 
deposited upon a fresh water formation, by the 
theory of the rising and the lowering of the ocean, 
you would have to make the ocean first retreat, in 
order that there might be dry land ; then rise again 
to deposit the mass of corals and shells which are 
found; then retire and again go dow n to explain 
the present dry land which now exists in that part 
of the Earth where this calcareous matter is found. 
You would have a vast number of successive retir- 
als upon that hypothesis ; and the ocean must rise 
several miles and stand there for ages to form the 
marine rocks of the Himmelaya and other moun- 
tain chains. 

But besides that this theory of the movement of 
the land explains all these geological phenomena, 
we have the experience of history, which teaches 
that the solid land, through extended districts, 

' does sink down in some places and rise slowly in 
others ; whereas there is no instance en record of 
a general lowering of the whole ocean — there ha3 

; been no general sinking of the sea throughout the 
world. I think I shall be able to show in this and 
the next lecture, that there has been and is now 
going on a magnificent example of this, sometimes 
of a sudden and at others of a gradual and insensi- 
ble rising and sinking of the earth. I will here 
mention one example in Sweden, because originally 

j I disputed the accuracy of the statement, until I 

i visited the locality and satisfied myself of its truth. 

j I found that the Northern part of Scandinavia, of 
Sweden and Norway, was rising five or six feet in 
a century, as is ascertained by facts that have been 
observed for several hundred years. As you go 
south to Gefle you find that the rising has diminish- 

j ed to three feet, and at Stockholm to only two or 
three inches in the hundred years, while still far- 
ther south there was no motion at all. It is thus 
as if the whole land were a level, which is sta- 
tionary at one point, rising more and more as you. 
go toward the end. In .Greenland it is certain 
that since the early Danes colonized the island, 
built churches there and settled the country, there 
has been a gradual sinking down of the whole 
coast for several hundred miles; the churches in 
some places have been submerged, and the greater 
part of the lower stories and the pavements are 
now wholly under water. These movements of the 
earth are sometimes accompanied by volcanic erup- 
tions, though not in Greenland and Sweden, but in 
South America they are. In Chili, for example, in 
1835, that part of the coast near Conception was 
raised some nine feet, and remained permanently 
at that hight. The bed of the sea was raised, as 
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were the island of Santa Maria and a great part of 
the neighboring coast ; at the same moment the 
volcano of Osarno, in the Andes, burst forth and 
lava was seen to flow from its crater. A subma- 
rine volcano also burst forth 400 miles west of 
Osarno at Bacalao, and the Island of Juan Fernan- 
dez was also violently shaken. These facts show 
the vast extent of the subterranean volcanic activi- 
ty accompanying the movement of the land. The 
land has relapsed in some degree, though not to its 
former position. In some places it maintains its 
upheaval. ' 



But you may see a more remarkable illustration 
of this upward and downward movement in the 
immediate neighborhood of Naples : and I mention 
it because evidence drawn partly from antiquarian 
researches and partly belonging to geographical 
proof, comes home more easily and more convinc- 
ingly to the minds of those wot accustomed to pure- 
ly geological evidences. In my next lecture when 
I come to speak^of the coral reefs, I think I say 
not too much when I say that I shall show that 
these vast areas of the Earth's surface — extending 
some 8000 miles from East te West, and 3000 or 
4000 from North to South — are now undergoing in 
some sections a slow upheaval, and in others an 
equally gradual subsidence. To-day I shall confine 
my attention to a small space in the neighborhood 
ef Naples, where the changes may be traced for 
the last 1800 years. 

If you first look at a map of the country near 
Naples, you see extended into the Bay of Naples, 

'south of Vesuvius, the Sorentine Promontory, off 
■which is the celebrated Island di Capri. Pompeii 
you will see at the south side of Vesuvius, and 
Naples at the northwest. At the northwest extre- 
mity of the beautiful Bay of Naples you see the 
small bay of Baite, to which I would call your par- 
ticular attention. Now movements have taken 
place, which have caused a sinking and then a re- 
elevation in the bay of Baite of twenty-five feet — 
and yet have not affected the neighborhood of Na- 
ples, which is only twelve miles distant. This 
view of the Bay [exhibited] was taken by Sir 
"William Hamilton, from the south side of the 
Bay at Puzzuoli. On the plain between the sea 

. and the dark cliff, represented below, is the town of 
Puzzuoli. 
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This inland cliff is eighty feet in hight. When 
I examined it in 1828, I found that it consisted of 
indurated volcanic tuff, containing some marine re- 
mains and the platform or terrace (a. ) between 
the cliff and sea, contained evidences of having 
been formed under water. A wall had been built 
to protect the rich and valuable land of the terrace 
which slopes from the base of the cliff to the sea. 
But fortunately for me, a storm had swept away a 
part of this rampart and laid open a section so 
that I was enabled to examine the alternate beds of 
pumice and lapilli and volcanic matter, with strata 
abounding in various marine shells, such as cockles 
and the Mytilus edulis or eatable muscle. In one 
of these strata I found .squares of a rich colored 
mosaic pavement and various sculptured ornaments. 
My friend Mr. Babbage found at a great hight 
barnacles and other shells attached to the facQ of the 
cliff. The appearance is as if the sea had beaten 
against the base, and thus undermined the cliff. 



TEMPLE OP SERAPIS. 



When we pass round the promontory to Puz- 
zuoli and come in sight of the Bay of Baire we see 
what is called Caligula's Mole, a long line of 
arches and piers extending from the end of the 
town into the water. On the last of these arches 
but one, there was found, ten feet above the sea 
level, great numbers of flustra and other marine 
zoophytes attached to the building, which must once 
have been submerged ten feet lower than it now is 
and then raised to its present hight. On the sixth 
pier the same thing may be noticed. Breislac ob- 
serves that as these arches now spring under water, 
and as it is certain that originally they were built 
so as to spring out of the water, though it is proved 
that the mole has been uplifted ten feet above its 
lowest level, still it has not yet been restored to its 
original position. If you stand on one of the arches 
and look toward the land you see another inland 
cliff similar to, but not so high, as the other. Be- 
tween the cliff and the sea is alow terrace called 
La Starza, leading to the inference that the same 
movement which produced the other cliff, also ex- 
tended to the Northwest and produced this with its 
plain and caused the cliff to become inland. Upon 
this plain is the temple of Jupiter Serapis. The 
clili'and plain are represented in this drawing: 




a. Cicero's Academia. 

b. Ancient cliff — now island. 

c. Terrace of Submarine deposites. 

d. Temple of Jupiter Serapis. 



-a Antiquities on the hill S. E. of Puzzuoli. 
ft. Ancient Cliff— now inland. 

c. Terrace composed of ancient submarine deposites. 



I will now mention the manner in which this 
e mple of Jupiter Serapis was discovered. In tra- 



22 



Mr. Ly ell's Lectures. 



velirig along this terrace — which corresponds so 
exactly to that on the other side — some antiquaries 
in 1749, examining all the localities, saw concealed 
among some copse wood, the upper part of three 
columns — several feet above the ground. They 
were struck with the circumstance, and determined 
to remove the copse. They did so, and began to 
dig down to see how far the columns extended. — 
They dugdown, accordingly, ten, twenty and thirty 
feet, and still found these great shafts : at forty 
feet they found no bottom; but at forty-six feet 
came to the pedestals, on which these columns 
stood. They were buried at this enormous depth, 
and when they had completed their digging, they 
found a large pavement, seventy feet in diameter, 
level at the base of the columns. Having found 
this, and still continuing to clear away, they disco- 
vered a large quadrangular building, the roof of 
which had been supported by forty-six of these 
magnificent columns, of which half were granite, 
and tbe rest marble — the »iarble in each case being 
■ a Bingle block, whole from top to bottom. Now, 
in attempting to account for this, you might at first 
* perhaps, suppose that the temple was buried like 
Pompeii, which was overwhelmed by a shower of 
mud and ashes — and was, after more than fifteen 
centuries, disentombed, and an immense amphi- 
theatre dug out and exposed to view. You might 
think that this temple of Jupiter Serapis was thus 
buried, being in the region of the volcano of Solfa- 
tara, of which an eruption occurred in 1149. But 
we find that some of the beds, which have been 
dug through, contain marine shells, and fragments 
of works like those I mentioned as having been 
found in the terrace on the other side of Puzzuoli, 
and the situation of the temple is that represented 
in the drawing (d.) In endeavoring, too, to ac- 
count for the burial of this temple by the rising 
and sinking of the sea, you have first to suppose, 
as the temple was built above ground, that the sea 
first went down — for the presence of marine re- 
mains in the lowest strata shows this: then that 
it was carried up again. But it is evident that in 
reality the temple was built above the water — that 
itwent down and was buried in the sea, and that 
again it was raised. You may think all this very 
difficult to believe ; but there are still greater won- 
ders to account for, and which can be satisfactorily 
explained, when you come to examine the building. 

The marble columns have been examined. For 
the first twelve feet from the bottom they are smooth 
and uninjured — just as they were originally in the 
interior of the temple. (I shall not stop to discuss 
the opposite opinions as to the use to which this 
temple was put. Tt is generally called the temple 
of Jupiter Serapis — from the ornaments found in 
it. Several hot baths are found also — and hot 
springs which still flow outfrom the ruin.) Above 
this point is a zone of about nine feet perforated by 
Lythodomi, a kind of marine bivalve which has the 
power of perforating rocks. The upper part of the 
column is smooth, having only marks of its expo- 
sure to the weather. 

These animals which have thus perforated the 
columns are a species called Mytilus Lytophagus 
— or stone-eating molo3cos. A diveratthe Bay of 
Genoa once told me that some years before he had 
thrown to the bottom a piece of black marble to 
be bored by these animals : I prevailed upon him 
to get out in a boat, dive down to the bottom and 
bring up the marble. It was filled with these 



shells — about the length of your finger, buried in 
the solid rock. It has long been difficult to con- 
coive how these tender shells and the still more 
tender animals that inhabit them, should be able 
to thus eat holes in the solid rocks. It was sup- 
posed by some that they had the power of turning 
around as on an axis, and that thus the shells 
scraped out the hole like a file. But so tender are 
the shells that this seems impossible. If we sup- 
pose the animals to secrete an acid capable of eat- 
ing away carbonate of lime, of which the marble 
is composed, the question will occur, why should 
not the acid eat up the shells, which are made of 
the same substance ? But we may well suppose 
that a feeble acid may act on the rock and not eat 
into the shell which contains the living animal — 
especially when we recollect that the shell is 
covered by an Epidermis or skin, upon which the 
acid will not act. It is probable that as they grow 
large — for the hole they make at first is small — they 
are enabled to eat away the calcareous matter by 
discharging the acid they secrete. They have 
drilled into the columns pear-shaped, cylindrical 
cavities, which it must have required a considera- 
ble time to excavate. Their uumbers are so great, 
and they have so eaten into the columns as to di- 
minish their diameter : and we find that some of 
the cavities which the Litkodowii have deserted 
have been occupied by a species of bivalve. The 
appearance of the columns is indicated by the fol- 
lowing figure : 



15. 8 uninjured 



6. 6 uninjured 
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1. 5 uninjured 
1, 0 calc zone . . 
5. 8 uninjured . . 



Total hight from bottom of Plinth 41. l£. 



When first these phenomena were ebserved in 
the last century, it caused a great variety of opin- 
ion: and this was not confined to scientific men, 
but even the poet Goethe wrote an essay to ex- 
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plain how the salt water of the sea (in which alone 
lithodomi exist) might have peen harred out — en- 
clcsed in a barrier so as to account for this appear- 
ance. As there are no tides in the Mediterraneata, 
how is the water to be carried up net only to the 
bight of twelve, but of nineteen feet ? I do not 
say that if there were tides they would explain it ; 
because the Lithodomi cannot live six hours out of 
water like bivalves, which take water into their 
shells: they must be always submerged. 

But some geologists have asserted that there 
must have been a great change in the level of the 
sea ; that it must have stood nineteen feet above 
its subsequent level. But it may be replied that 
there are a thousand proofs to be drawn from the 
history of ' all other patts of the Mediterranean, 
that no such change has ever taken place. It is 
certain that the templeexisted in the third centary: 
for in the atrium inscriptions have been found re- 
cording the reparations made by the Emperor 
Marcus Aurelius, and the additional ornaments 
given to it by another Emperor, Septimius Seve- 
rus. We know then that it was used as a place of 
worship — or for whatever purpose it was built — 
down to the third century : and nothing is more 
certain than that between the third and the mid- 
dle of the last century there has been no general 
rise of the Mediterranean. 

Nevertheless, in spite of this difficulty, many 
maintained that the sea had gone down — so un- 
willing were they to entertain what they called the 
paradox of attaching constantly to the sea and mo- 
bility to the land. But after a time their opposi- 
tion gave way. In 1828, the year when I had an 
opportunity of examining the place, some excava- 
tions were made through the pavement, and at the 
depth of six feet below it the antiquarians came 
upon another pavement more rich and costly than 
this. This suggested the idea that there had been 
a sinking down previous to the changes we have 
noticed. The building being near the sea, as it 
gave way it was necessary to construct a now 
pavement six feet above the other; and then upon 
this the whole buildiug was erected. 

The next discovery was made by Niccolini, who 
was employed in 1807 to make drawings of the 
temples ; he was in the habit of remaining there 
all day and yet never saw the pavement overflowed 
by the sea. Sixteen years after, he had occasion 
to go back to the temple, and to his surprise he 
found many parts of the marble pavement where 
he had stood in 1807 dry, covered at high tide by 
water. (I said there was no tide in the Mediter- 
ranean ; and it is usually censidered a tideless sea. 
Still there is a slight rise and fall of a few inches 
in the Bay of Baise.) This led Niccolini to make 
a series of experiments with the hydrometer; and 
he found that the grouad in 1840 had been sinking 
at the rate of about three-fourths of an inch annu- 
ally, so that in 1840, it would be two feet two 
inches lower than in 1800. When I was there it 
was always covered with water. When you know 
that the land is thus positively going down every 
year at a gradual rate you will be less skeptical in 
relation to the subsidence of the earth's surface. 
Thus we have not only to carry down the temple 
far enough to account for the nineteen feet we had 
before, but now we are obliged to add six feet far- 
ther for it to sink ; we have now twenty-five feet 
of subsidence to account for. 

Now, the question was, was this sinking gradual 



and successive, as it has been since 1800, or 
was it sudden ? And to this we have a most sat- 
isfactory answer. In 1828 Mr. Babbaqe, the 
celebrated mathematician, and another of my 
friends, Mr. Head, carefully examined the temple 
and found the clearest evidence that the whole was 
gradually going down ; and Mr. Babbage had the 
kindness to lend me the yet unpublished results 
of this examination. We find the columns eaten 
at the ends and upon the sides, and they wished 
to show-how the columns must have stood to allow 
this. They found first, the whole column incrusted 
near the bottom by a black deposite two feet 
thick, containing Serpulos and marine animals. — 
We may suppose that the temple had then begun 
to sink so that the sea should have covered the 
base of the columns where this incrustation was 
deposited. The top of the deposition represented 
the water level. Then came a shower of ashes, 
covering the column for bix or seven feet, from an 
eruption of the neighboring volcano of Solfatara, 
probably, though there are many other volcanic, 
cones in that vicinity. Now this may have shut 
out the sea, and the water flowing into pools and 
ponds of the uneven surface may have caused the 
fresh water formations, as there are no serpute 
or marine animals to be found there. Then may 
have occurred another shower of ashes, perhaps 
from the eruption of 1149, when was a considera- 
ble earthquake, which may have thrown down the 
other columns which perhaps stood till that time. 
Suppose the marble ones, (for the granite are un- 
touched,) then to have rested on the uneven surface 
of the layer produced by the second shower : the 
sea flowing in might have carried the lithodomi 
thither, arid thus the columns might have been 
eaten on all sides and at both ends. 

All these geological phenomena relate to the pe- 
riods of the successive going down of the temple. 
No less than 27 pillars have been carefully ex- 
amined and measured inch by inch and their origi- 
nal position carefully made out. In the year 1488 
it appears that the rising began to take place, when 
the great eartequake occurred which destroyed 
Puzzuoli and farmed those inland cliffs. We have 
a document, a charter of Ferdinand and Isabella 
of Spain; then sovereign of Naples, granting to 
the University of Puzzuoli the piece of land near 
the town of Naples ' where the sea is drying up,' 
(eke va seccando il mare;) and this was followed 
a few years after by another charter dated in 1511, 
granting to the University, solum desiccatum, the 
ground that is dried up from the sea. So at this 
time there is evidence that the gradual retreating 
>f the sea had begun. In 1530, nineteen years 
after, we have still the testimony of an Italian 
writer — Soffredo — that though the sea had dried up 
still it washed the base of the inland cliff and 
swept across La Starza so that he tells us people 
might have fished from the ruins. We are now 
led nearly to the epoch of the formation of Monte 
Ntuovo — the new mountain produced by an erup- 
tion in 1538 — only eight years after Soflredo wrote. 
And there is ample evidence in the documents 
collected by Sir William Hamilton that the whole 
upheaval of the land took place about that time. 
I shall refer to some account of that memorable 
event when a mountain 450 feet high was pro- 
duced in a few nights. This mountain stands 
partly on the site of the Lucrine lake and partly 
on the site of a little village in the vicinity called 
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Tripergola. Sir William Hamilton has found two 
letters describing the eruption which formed the 
mountain, and I shall read from them some inter- 
esting passages. One is from Falconi, in which 
he says : 

" It is now two years since there have been fre- 
quent earthquakes at Puzzuoli, Naples and the 
neighboring sections. On the day and in the 
night before the eruption of Monte Nuovo above 
twenty shocks, great and small, were felt. The 
eruption began on the 29th Sept. 1538. .It was 
on Sunday about one o'clock in the night, when 
flames of fire were seen between the hot baths and 
Tripergola. In a short time the fire increased to 
such a degree that it burst open the earth in this 
place, and threw up so great a quantity of ashes 
and pumice stones mixed with water, as covered 
the whole country. The next morning the poor 
inhabitants of Puzzuoli quitted their habitations in 
terror, covered with the muddy and black shower 
which continued the whole day in that country — 
flying from death, bat with death painted in their 
countenance. Some with their children in their 
arms; some with sacks full of their goods; others 
leading an ass loaded with their ftigktened fami- 
lies toward Naples ; others carrying quantities of 
birds of various sorts, that had fallen dead at the 
begirtning of the eruption; others, again, with fish 
which they had found (mark this,) and which 
were to be met in plenty on the shore, the sea 
having left them dry far a considerable time." 

This is the description of the eruption of the 
volcano that formed Monte Nuovo, by Falconi; 
there is another by Pietro Giacomo di Toledo, in 
which he says :— s 

" It is now two years since Campagna has been j 
afflicted with earthquakes — the country about Puz- j 
zuoli more than other parts. On the 27th and 28th' 
of September last, the earthquakes did not cease 
day nor night; the town of Puzzuoli, that plain be- 
tween Lake Avernus, the Monte Barbaro and the 
sea was raised a little [a remarkable expression 
which he would not have used if it had been merely 
a shower of ashes which raised it, as sometimes 
happens] and many cracks were made in it, from 
some of which issued water: at the 'same time the 
sea adjoining the plain dried zip for about two 
hundred paces, so that the fish were left on the 
land a prey to the inhabitants of Puzzuoli. At last 
on the 29th, about 2 o'clock in the night, the earth 
opened near the Lucrine lake and discovered a 
horrid mouth, from which ever vomited furiously 
smoke, fire, stones and mud composed of ashes, 
making at the time of its opening a noise like the 
loudest thunder. The stones which followed were 
by the flames converted to pumice, and some of 
those were larger than an ox. The stones were 
sent as high as a cross-bow can carry," and so he 
goes on ta describe the shower of mud that built 
up a solid mountain which has a crater at the top 
as deep as the mountain is high. Toledo then pro- 
ceeds to say that the eruption lasted two nights and 
two days — (the mountain was produced in two 
nights,) and that many persons were knocked down 
by the stones, and killed. 

It appears to me evident, not that the sea had 
retired before the eruption, but that, when the 
tremendous explosion took place, the plain was 
suddenly raised, and there was then a drying up 
of the sea some time after ; but a vast deal of 
rising must have taken place during those convul- 
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sions, as we know the hot lava to produce that 
liquid fiery matter that was thrown up must have 
melted near the surface, so that the stream, instead 
of flowing over the crator, should escape through 
the yielding beds below — between which it might 
flow latitudinally until it became high enough to 
pierce through, just as it is easier to thrust a kr.ife 
between two leaves of a book than through them. 

But I have too many facts to explain to you re- 
lative to these superficial changes having been 
caused by an upward and downward movement of 
the Earth, to enter this evening upon the various 
speculations respecting these matters. You per- 
ceive that we have carried the temple down twenty- 
five feet gradually, and that it his shot up nearly 
the whole distance, though not entirely, at one 
eruption. 

Not far from the Temple of Serapis are the 
ruins of two temples, one of the Nymphs and the 
other of Neptune. The columns of the former 
stand erect in five feet water. The temple was 
doubtless submerged, and if there should ever be 
an upheaval of the bottom of the bay, this temple 
would probably be exhumed as was the other. As 
to the difficulty that arises from the columns not 
having fallen down like the others, it should be 
recollected that they went down slowly, only three- 
fourths of an inch in a year, and that before the 
great earthquake of 1149 occurred, they were 
buried twelve feet deep in incrustation or in ashes; 
being made of one block, they would be quite 
likely to remain erect. 

One fact I forgot to mention : that these columns 
are alittle out of a perpendicular — inclining slightly 
toward the sea. Originally they must have been 
perpendicular; thererefore the movementmust have 
been greater toward the land ; and this, too, may 
explain why the temples of Neptune and the 
Nymphs are lower down and are not yet raised. 
An antiquarian, named Capocci, has proved con- 
clusively that while these movements occurred at 
Puzzuoli no changes have taken place at Naples, 
so that we have an oscillation of twenty-five feet 
up and down, while at twelve miles distance every 
thing is stationary : an important fact in the expla- 
nation of a great variety of geological phenomena, 
some of which I alluued to in my other lectures. ' 
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When you examine the new mountain you find 
no indication that it is more modern in its origin 
than the others in its neighborhood. Indeed, as 
the same country is under cultivation, for the most 
part the vines are lifeless for much of the year, and 
the olives are of a pale green. But Mt. Nuovo is 
covered with evergreens, myrtles, olives and ar- 
butus : — it is the most verdant spot in all that re- 
gi«n : showing apparently that it is less modern 
than the barren hills in its neighborhood. Nothing 
can be more striking than the whole landscape — 
every part of the picture is in such perfect harmony 
with the rest, that you would not suppose different 
dates belonged to the different mountains. Yet I 
have found at a higlit of 2,600 feet marine shells, 
identical in species with those which now live, 
buried in the strata of ancient, submarine tuft". 
The whole country, which is so modern, either con- 
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sists of this volcanic matter which has been thrown 
up since it emerged from the sea, or of strata in 
which you find shells and zoophytes identical with 
those that now live ; and yet when the early Greek 
Colony first took possession of it 2,500 years ago, 
the appearance of the. valleys and hills was much 
the same as you find it now. You can scarcely 
avoid being surprised at the prodigious antiquity, 
relatively to the historical period, even of the 
modern strata containing the same shells which I 
have spoken of in my last two Lectures, when 
alluding to the antiquity of the great mass of 
./Etna, while all its vast sheets of lava and scoriae 
rest on marine formations as modern as the Bay 
of Baite. These species of plants and animals 
which inhabit the hills of that country are more 
ancient than the country itself. 

Now you may say that this is an apparent para- 
dox : yet you will easily comprehend it if you at- 
tend to such a mountain as Nuovo, which, since 
1533, has been colonized by all the wild plants and 
animals *?f its neighborhood. So JEtna. has been 
covered with vegetation older than the mountain 
itself i not only were these species of animals and 
plants alive before the country rose from the sea, 
but during that whole period when the vast thick 
strata of hills first began to be elaborated at the 
bottom of the ocean. So we may affirm that the 
Fauna and the Flora of this region are of a 
higher antiquity than the country itself. Were I 
to attempt to give you an idea of this period of 
time — the most modern subdivision of which, this 
tertiary and its succeeding periods, I have thus far 
considered — if I were to compare it to any thing of 
which we have a conception, I would say that this 
period, of which I have spot en thus' far, may be 
compared to such distances as exist within our so- 
lar system — between the different planetary bodies. 

Now when astronomers endeavor to measure the 
distances of the Solar System, they tell us that the 
Earth is one hundred millions of miles from the 
Sun ; because they find that when six months have 
gone around, the Earth is in the opposite side of 
her orbit, which is two hundred millions of miles 
in diameter. They calculate, therefore, by the 
angles subtended, with the diameter of her orbit 
as the base, that a distance of one hundred mil- 
lions of miles is between the Earth and the Sun.. 
Then Jupiter is five times as far away, Saturn 
ten times, and so of the others. 

Yet when they attempt to estimate the great""' 
space which separates our Solar System frona the 
nearest star, which again is probably the centre of 
a System as magnificent as ours, they are baffled 
in the endeavor, and can only find a distance which 
shall be the minimum — nor till lately have they \ 



arrived at any accurate calculation concerning it. 
But it seems, by observations on the parallax, a 
Prussian astronomer, Uesseix, has measured the 
distance of one star in the constellation Cygni. 
The angle subtended by the diameter of the 
Earth's orbit at that star is found to be one-third 
of a second, and what distance does this third of a 
second give you? Take the diameter of the 
Earth's orbit for a unit, and then 700,000 of these 
units will express the distance of one of those 
stars in Cygni from our Earth, and perhaps that 
Btar is the nearest, and separated from the others 
which we see by a distance equally vast. 

Perhaps, should we compare time and space, 
this would be the kind of distance which should 
contain the myriads of organic remains of species 
distinct from the species immediately antecedent 
and following. The minor subdivisions of which 
I have spoken would be compared to the space o 
our own Solar System : the others, with the grander 
steliar distances. 

Now it is a favorite speculation of astronomers, 
that all these worlds, separated so widely, may be 
inhabited; but this is mere conjecture — a probable 
conjecture, if you like, but still incapable of de- 
monstration. But the geologist proceeds differ- 
ently. He has indisputable proofs that there have 
existed on this planet a succession of inhabitants, 
and distinct races of animals and plants. And, 
though he dees not measure the limits of time bo 
accurately, and with such geometric precision, as 
the astronomer, still, by the vast series of events— 
by the methodical phenomena of the Earth — he 
finds established, by purely physical phenomena 
and proofs, the declaration of Revelation, that in 
the first time Man had no existence ; that Man 
had a beginning, and that other races existed an- 
terior to him. Man had a beginning; and there- 
fore the present state of the organic world has not 
gone on from eternity, as the ancient philosophers 
pretended ; and we have been able to prove that 
beings lived, called by the Creator into existence, 
on this planet — to display the beautiful and per- 
fect harmony of the Universe — to show that all is 
modeled on one plan ; that different as are the va- 
rious genera that have lived, they all belong to the 
same family. Geology shows that all things are 
the works ofxjfie Intelligence — one Mind — all links 
of one chain : that the Earth must have been ad- 
mirably fitted for successive states which were to 
ertdure for ages. Thus do we learn to admire the 
variety and beauty of design displayed when we 
fipd traces and signs of the same design, the same 
unity of plan, the same harmony ef wisdom through 
so vast a series as has been established by the In- 
finite and Eternal Creative power. 
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I have already said that in the structure of the 
crust of the Earth we have a great variety of groups 
in which the distinct strata may be expressed, if 
we group them largely — if we take wide and com- 
prehensive divisions — by the different numbers 
and colors, as from one Weight in this figure [ex- 
hibited] ; and that the different sets of strata — form- 
ations as they are called — are arranged one above 
the other in the order in which they are formed. 
Not that they are invariably all to be met in one 
place, for it is not often that we find more than one, 
or two, or three, of these strata . in any particular 
district : but if these different sets are present, we 
shall find them arranged in the order of relative 
position in which they are represented — each cor- 
responding to the different period of the Earth's 
history at which it was formed. So that they may 
be regarded as a great chronological table — as so 
many volumes of History in which the strata are 
the different pages ; and upon them are written the 
names and characters of the plants and animals 
which lived and flourished at this period, with many 
other indications of climate, habits, &c. in the pe- 
riods when the different tribes flourished. Now if 
we examine in succession these rocks we find that 
a great number of those of calcareous formation, 
or limestones, are composed in great part of corals 
and shells; for example, if we take the Chalk 
formation of Europe — represented in the figure as 
No. 2 — we find a large portion of it to be a white 
calcareous rock made up of corals and shells al- 
most entirely decomposed. I have myself seen in 
the island of Seeland, fifty miles from Copenhagen, 
at Faxoe, this very chalk formation pass into a 
mass of corals in which more than a hundred spe- 
cies of zoophytes and shells are found. Between 
the zoophytes is found chalky matter — like the or- 
dinary chalk. This formation extends for mare 
than a thousand miles in one direction, and eight 
hundredin the other — not continuously, but in large 
patches, which preserve much the same character. 
In this country too, as in New-Jersey, are found 
recks of the same age, not with the white rocks of 
the same kind, but at different intervals down we 
find in lhe rock, corals and shells made up of an 
aggregate of extinct species, but in great part of 
genera, the same as now live in tropical seas — 
And this i3 regarded as one proof that formerly the 
climate was muchlwarmer than since ; as it is only 
in warm climates that these stone building zoo- 
philes increase and abound. There are zoophytes 
of the same class in all regions of the globe: but 
these which form large masses of stone (which, 



when the animal dies becomes what we may term 
hard rock,) are found at present only in warm re- 
gions of the glebe. 

Now, I might trace the different formations in 
which they occur, and point out the limestones in 
which they abound. In what is called the Juras- 
sique or Oolite formation, these corals are found 
through England, France and Germany, at differ- 
ent hights with great intervals of clay — in some 
cases six or seven hundred feet thick. The corals 
are found above the other except when they have 
been destroyed by the depositions of clay, for they 
can live only in pure water. It is clear that where 
these take place and in the intervals between the 
different layers of coralline formation there had 
been a sinking of the floor of the sea, since it is 
found that these zoophytes cannot build in the 
deep and dark parts of the ocean — that they will 
not thrive in a depth of more than 120 feet below 
the surface : and therefore we find a maBS of this 
coralline limestone with 1000 feet of clay above 
and then another layer of coral, and then 1500 feet 
thick of this cretaceous rock ; it is evident that 
these were formed not at a depth of several miles 
but near the surface : and that they then sank 
down to allow the accumulations above. 

If we come to the carboniferous or coal forma- 
tion, (which I shall describe more particularly in 
my next lecture,) we find beds of coal separated 
by vast thicknesses of other strata, which can only 
be explained by supposing that there has been a 
sinking of the surface of the land. Below the 
coal are found the most ancient fossiliferous rocks, 
which have an antiquity far higher than the thick 
limestone, for the corals grow on spots which are 
nt>w found covered in great part with extinct gene- 
ra, orihose which are only found in tropical seas, 
where coral reefs abound. In New-York, in par- 
ticular, there are large developements of this form- 
ation, as T -shall show when I come to speak of the 
district around Niagara, when I shall show the 
hights from which >^ are to suppose the bed of the 
sea has sunk, and the' era. when these marine plants 
and animals abounded. IVaw if we find, on ex- 
amination of existing coral ree& that have lime- 
stone in their structure, similar in tVieir character 
over a vast extent of the globe, that there is now 
in progress a considerable going down of the bed 
of the sea ; we shall then feel moie confidence in 
the appearances and facts on which depend some 
of the most interesting problems respecting the 
origin of the materials of the Earth's crust. 

I shall now proceed to give some acsount of the 
Coral Reefs, and of the manner in whick they 
grow in the sea. I have been favored by Mr. 
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Charles Darwin, who is about to publish a most 
excellent work on Coral Reefs, with this map — 
which will first be published in his book — drawn 
up after a personal examinatien of the region rep- 
resented, and a most extensive reading of works 
upon the subject. On it are depicted all the spots 
known at present where Corals now grow. These 
portions [represented by the blue color] mark 
those places where there is reason to believe the 
bed of the sea is going down, as slowly, perhaps, 
as the floor of the Temple of Jupiter Serapis, de- 
scribed in my last lecture. By the red are marked 
the spaces where corals have been raised at vari- 
ous elevations above the level of the sea. 

You will be able to see at a glance the vast ex- 
tent of the region where corals abound. You will 
see, too, that it is chiefly within twenty degrees 
North and South of the Equator — in the warmest 
parts of the ocean. Sometimes it reaches beyond 
the twentieth degree but rarely so far as thirty. — 
Its greatest deviation is in the Bermuda Islands, 
which have a latitude of thirty-two degrees — which 
is the farthest point from the Equator where co- 
I rals are yet known; and this is evidently con- 
\ nected with the course of the Gulf Stream which 
warms the ocean and raises the temperature be- 
yond what naturally belongs to that zone. You 
•lee by this map that in the Indian Ocean in par- 
ticular and in the great Pacific and South Seas is 
apredigious growth of corals. And it is a very 
remarkable circumstance that almost all the isl- 
ands on that part of the sea — all that are colored 
blue — consist of strips of coral of an annular form 
— more or less perfectly circular — and sometimes 
oval. And these strips have lagoons in the cen- 
tre — small lakes of salt water. On one side of 
this narrow strip is an unfathomable ocean at but 
a short distance from the edge of the ridge of co- 
ral. It was formerly suppesed that these coral 
reefs were built up from the bottom of the unfath- 
omable ocean ; but now since we know that these 
\ lithopkytes, as they are called, cannot exist at a 
depth of more than 120 feet — the limit assigned 
by Darwin (and some other considerable natural- 
ists think that the limit is still more narrow,) we 
infer, as a fact of Natural History, that these were 
not built up from the bottom of the ocean. — 
And this is perfectly in accordance with the fact 
that in thousands of cases no soundings are to be 
found at enormous depths — only a fourth or half a 
mile from the outer part of these narrow rims of 
coral. One of these circular islands is represented 
in this picture, which was taken from an original 
drawing colored on the spot by. Lieut. Smythe 
who accompanied Capt. Beechey in his voyage 
to the Pacific. It may be proper to say that the 
view is represented as having been taken from a 
higher point than the top of the mast from which 
it was actually taken, so that more of the inner 
part of the island can be seen than in the other 
case. The island is three or four miles in diame- 
ter, of crescent shape, and you see a narrow rim 
of coral covered with tufts of cocoa, and bread 
fruit and other trees. On the windward side the 
reef is higher than on the other ; .and on the lee- 
ward side is an opening of thirty or forty feet — so 
that ships can enter and lie in safety in the lagoon. 
This opening, most fortunately, i» just on that side 
where it is most needed ; for there, during terrible 
storms and tempests, vessels may enter into the 
tranquil lagoon, where the water is shallow, com- 
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pared with the ocean without, and where, in con- 
sequence of its shallow depth, it is of a most beau- 
tiful green color. Many of you who have sailed 
across the Atlantic must have observed that, along 
the Banks of Newfoundland, where the water is 
comparatively shallow, it is of a deep green ; and 
in those latitudes where there is white coral at the 
bottom and a burning tropical Sun over head, the 
vivid green of the sea water is described as most 
beautiful by those who have visited these islands. 
Down through its green depths, they tell us, you 
may see great herds of fish browsing upon the co- 
rol branches — for some species have strong, bony 
jaws by which they easily crush the coral, shell 
and all : you see them feeding upon the zoophytes 
as the herds of buffaloes feed on the herbs and 
trees of your wide prairies. And even the prairie 
itself in spring time is not enameled with more 
beautiful culors or with a greater variety of flow- 
ers and plants than are those beautiful beds of 
coral, according to the descriptions of Ehren- 
berg and others who describe these lakes as like 
beds of tulips — so beautiful and variegated are 
their colors when seen through the still waters be- 
neath that tropical sun. 

I may here mention a fact of considerable geo- 
logical interest relating to one of these fish, called 
Sparus. When their bodies are opened and their 
intestines examined, they are found to be filled 
with a very dry chalk — a soft, calcareous powder, 
which proves to be almost indistiaguishable from 
soft, pnlverulent chalk. I have myself seen some 
brought from the the Bermudas by Lieut. Nelson, 
which so nearly resembled European chalk that 
we were obliged to use great care lest the labels 
should get changed, and we should mistake it for 
the chalk with which we were comparing it. 

The animals which form these reefs— for the 
whole is a rim not half a mile, and generally but 
three or four hundred yards wide, covered often 
by shells of Echini, or sea urchins and other shell 
fish — cannot build one inch above the level of the 
sea. They cannot allow themselves to be left 
bare at low tide ; so that when the reef is so high 
that it remains almost dry, the corals leave off 
building. The heat of the sun then often causes 
the mass to braek, and the force of the waves 
tears off large branches of the coral, which are 
thrown up upon the reef, thus raising it above the 
reach of the usual tide. After this the white, 
calcareous sand thrown upon it by the wind lies 
undisturbed ; and upon it are lodged the seeds of 
the cocoanut and other plants, which grow up, un- 
til at length the little island is overshadowed with 
luxuriant vegetation. Then come stray birds and 
build their nests there ; insects float thither on 
wood which has drifted thousands and thousands 
of miles, and at length the island bscomes inhab- 
ited. Here is a specimen of the Meandrina co- 
ral— [exhibited;] itis a small shell of a young an- 
imal ; and you can conceive, when such is the 
size of this baby-coral, hew vast must be the size 
of a number ef zoophytes of different genera — as 
the Madyepora, Astrea, Porites, (of which I 
here show you a specimen) the Oculina, and oth- 
ers, of which the remains are found in the older 
rocks, and which now abound in the tropical seas. 
These shells and zoophytes constitute the mass of 
the materials of these reefs. As to the nature ef 
these animal plants as they are called— and very 
properly, too, for they seem to form the interven- 
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ing link between animal and vegetable organiza- 
tion — there is still great doubt. I shall only ob- 
serve those called Pollyps, inhabiting this stony 
structure, have a number of teniacula, or feelers, 
and a great cap-shaped mouth, into which they 
force food seized by these tentacula, and which 
then closes, and they are able to digest their food. 
These assist in strengthening that part which is 
improperly called the root ; far they are fixed at 
the lower point by a point which somewhat re- 
sembles a root, though, as it does not take in 
nourishment, as do the roots of vegetables, the 
analogy is not correct. 

In the common red coral of the Mediterranean 
you see a solid internal skeleton, surrounded by a 
fleshy covering, which, in that case, is smooth ; 
but when this, in which the animal resides, is taken 
off, you see a striated, fluted surface, to which at- 
tention must be paid in studying the fossils — since 
we have not the living animals. I shall not enter 
(as I have so much geological ground to go over,) 
upon a description of the different varieties of 
Pellyps. But you may ask whether they exist as 
separate, independent individuals — or whether the 
whole mass of coral is regarded as one and indi- 
visible. The same kind of question may be raised 
with regard to trees : — whether each flower is a 
separate individual, or whether the whole is to be 
regarded as an aggregate. We may perhaps best 
consider them as as animal republic, in which all 
combine to build one habitation, while each pre- 
serves its individuality. The general opinion, 
both in regard to the plants, and zoophytes, is 
that each is a definite individual. Although so 
beautiful when in the water, take one of these 
stone building corals out, and you see nothing but 
a brown slime when the animal is collapsed. 

It is a remarkable circumstance, that, although 
these little islands are scattered about so far from 
each other in the wide ocean, upon every one ca- 
pable of supporting them were found a few fami- 
lies when first discovered. We should regard this 
as mysterious if we did not learn from the Voya- 
ges of Cook, Kotzebue, Flinders, and Lieut. 
Beechey, that canoes are frequently drifted 500 or 
1,500 miles — drifted before the wind in one direc- 
tion by the monsoon, until, hopeless of recovering 
their homes, they land upon some one of these 
islands — where they find cocoa-nuts and bread fruit, 
and fresh water too. This is singular, for you 
would think that there would be but little chance 
of finding fresh water upon these small islands : 
but if you dig into the sand, there it is — sa that 
vessels at sea are often able to relieve their thirst. 



CORAL ISLANDS. 

Sf^fe- Deaut y of these islands is described in glow- 
ing terms by most of those who navigated those 
portions of the sea. Generally there is a constant 
white surf breaking over the outer margin, which 
is seen gradually m die away with the dark heav- 
ing waters of the ocaan, which continue to boil 
and rage far beyond. Within, the water is green 
and tranquil; around it and outside the green line 
of blooming vegitation is a glittering beach of white 
sand. Beneath the water you may see fish and 
various kinds of zoophytes. The very loveliness 
of these islands, moreover, gives them a romantic 



aspect. Sometimes they are seven hundred miles 
away from the nearest neighboring island, and 
more than a thousand from the continent, or even 
much farther. The structure of these islands, as 
well as their position in the unfathomed ocean, is 
remarkable. You find no part of them argillace- 
ous or silicious ; every portion is made up of a» 
organic structure of which the tubes and stems are 
all you find. And what is still more wonderful, 
these islands, which appear so weak and fragile in 
their nature — these mere barriers of coral, are beat- 
en upon incessantly by the swell of the great ocean, 
and yet are not annihilated. As Darwin truly 
observes, if they were only rocks of common granite 
or quartz, they would inevitably yield to the pro- 
digious force ef these waves thus breaking over 
them. But here is a greater power than any mere 
inorganic structure : in its nature far superior to 
the mechanical force of the waves : it is the power 
of life, of vitality ; these zoophytes on the outer 
edge of the reef break the force of the waves by 
their yielding bodies ; they bend like a willow be- 
fore the storm, and thus conquer the power of the 
great restless ocean. Indeed that part of the reef 
against which the waves beat with most turbu- 
lence increases much the fastest; for these organic! 
forces separate the atoms of carbonate of limef 
from the foaming breakers, and build them up int X 
their symmetrical structure ; myriads of these ar- 
chitects are thus at work, day and night — month 
after month. 

But what causes the singular, ring-like shape of 
these islands, and why are so manyjust on a level 
with the sea, and neither higher nor lower 1 These 
questions have been asked ever since the peculiar 
formation and mineral character of these islands 
were ascertained. It waB at first imagined, and I 
once maintained the opinion, that they were the 
craters of sub-marine volcanoes. When it was 
discovered that Flinders was wrong in supposing 
that they could be built at a great depth, in the 
cold and dark regions of the oeean, up from the 
bottom, it was natural to suppose that they might 
have grown upon the tops of some submarine moun- 
tains. But what mountains would give this shape 
to the corals ? Or was it indispensable that they 
should be built in this peculiar form ? Now when 
Ehkeneerg examined the corals of the Red Sea 
he found that some banks were square while others 
were ribbon-like strips with flat tops and wtthout 
lagoons ; and yet they were of the same genera as 
these which had lagoons, the same as the atolls, 
as they were named from those observed in the 
Maldive and Laccadive Islands, the term express- 
ing an island with a rim of coral outside and a la- 
goon within. It was thus found that this annular 
shape is not essential ; but that the coral may form 
in a different shape. It was therefore natural to 
suppose that this form depended on the outline of 
the submarine bottom, and that they were based 
on volcanic craters, thousandsof which were known 
to exist in that part of the sea. These craters 
would give the cup-shaped center and the rim 
might be covered with corals by these zoophytes. 
In the South Shetland Islands and in Barren Isl- 
and in the Bay of Bengal, are submarine volcanoes 
with craters in the center and a breach in the side 
so that you may sail within and see all around the 
walls of the crater. Now, when submerged, the 
corals might easily have been built upon them. In 
farther suppert of this theory it was observed that 
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in Gambler's group of islands there were velcanic 
rocks with a lagoon in the center, just as modern 
volcanoes have sprung- up in the Gulf of Santorin. 

Notwithstanding all these arguments in favor of 
the theory of a volcanic origin, it was found neces- 
sary to abandon it entirely ; because, though it 
would account for some of the facts, there were 
many others which it would not explain, and which 
could be explained by another theory. It was per- 
fectly satisfactory so far as the rim and lagoons 
were concerned, and it also explained why the 
Ocean near by should be unfathomable, which at 
first seemed an argument in favor of the volcanic 
theory. Mr. Darwin, after considering all the 
different facts I have related, observed that there 
. were in some cases islands which had this same 
coralline ring, and yet were not volcanic but gra- 
nitic: and yet the ring of coral surre jnded a pre- 
cisely similar lagoon. — How was this to be ex- 
plained? Again, Flinders discovered a magnifi- 
cent reef— on the North-East Coast of New Hol- 
land, more than a thousand mile* in length ; and 
he sailed for more than three hundred and fifty 
miles and yet found no passage through that nar- 
raw reef. Instead of being circular or oval or in 
any such shape, it was parallel to the coast of New 
Holland. In the island of New Caledonia, which 
is granitic, there was also a long ridge of coral 400 
miles long and prolonged at each end under the 
water beyond these limits : between the coral reef 
and the shore was what might be called a lagoon. 
Now we must have a theory which will explain 
these facts. Of these encircled islands, as Dar- 
win called them — islands with encircling reefs 
around them — Vancouver's is one and Otaheite is 
another. Here we have a coral reef with a lagoon 
inside. In the figure we have given a section of 
one of these encircled islands. 




A represents the island in the centre ; c and b 
are the points in the encircling reef upon which 
grew cocoa trees, &c, and inside, or between c 
and b and at the sides of the island, is a shallow 
sea communicating with the ocean through occa- 
sional passages, similar to those, met with in the 
lagoon. Now, it was"a rule laid down by Dampier, 
and other navigators, that near high and bold coasts 
we shall have a deep sea; while along gently sloping 
coasts the sea will continue shallow for some dis- 
tance from the shore. It was therefore surprising 
that when we had an island like that represented 
in the figure, going down at so steep an angle, 
instead of deep water, we find it shallow, and we 
have a coral bottom. But go beyond the reef, and 
down goes the line some thousand feet. It is 
obvious that the coral alone is the cause of the 
shallaw water ; and we must account by means of 
the coral for the fact that at a distance from the 
island, instead of several thousand feet of water, 
as we are entitled to expect, we come suddenly to 
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a bottom. Now, in what manner can these soo- 
phytes, which cannot live at a greater deph than 
120 feet below the water, be able to build up a 
reef two, three, four or more thousand feet high 
from the bottom? Because the belief of Flinders 
that these creatures could work in the deep, dark, 
cold ocean and build up their structures to the 
light and heat is proved not to be true; though he 
did not err as a geographer in his statements res- 
pecting these bold coasts. 

Darwin heresuggested asimple hypothesis which 
clears up the whole difficulty. Suppose the coral 
to begin to grow at e or d, in the figure above ; and 
suppose these points at that time instead of being 
1500 or 2000 feet deep, to be within 120 feet of 
the surface, the sea then standing at a different re- 
lative level from that which it occupies now. In 
short the supposition of a sinking down of the 
land will explain it all. When the land began to 
sink the corals were building up, as is their nature, 
one generation forming on the skeleton of the other, 
just as peat grows, until it reaches a thickness of 
a hundred or more feet; each successive genera- 
tion plants itself on the remains of the former. So 
with corals : each mass forms a foundation on which 
a new on is built. As I have shown, or as Niccolini 
has shown, the rate of subsidence in the Bay of 
Bai;e is three-fourths of an inch a year. Now com- . 
mon corals will grow up at that rate; and perhaps 
two inches a year would be a slow growth. Let 
me observe that we need only show that the great- 
er part of them increase slowly : though passages 
of the Red Sea are known to have been filled up 
within a few years. This, however, may be easily 
explained, because the waves, &c. may have thrown 
up sand, and thus filled the passages. But the 
common growth of the coral is slow. Indeed, 
Ehrenberg thinks that some of the species, as 
the Meandrina, are as old as the most ancient 
trees of Europe, some of which are three or four 
thousand years old. Decandolle has shown that 
some yews and other trees are two thousand yean 
old, and some still more ancient. So Ehrenberg 
thinks that many of these corals in the Red Sea are 
several thousand years of age. But the vigor of 
their growth depends upon the warmth and carbon- 
ate of lime that reaches them. 

Now we may suppose the land to be sinking 
down gradually as the corals are building up. What 
is the consequence ? Instead of sinking down with 
the land, the corals will grow up by building upon 
the former masses — just as one pavement of the 
Temple of Jupiter Serapis was built upon the other, 
which had sunk six feet below the level of the 
Mediterranean. And when these corals come to 
the surface and can rise no higher, the waves then 
throw up calcareous sand upon them and form a 
ridge as in the lagoons. But while the corals are 
thus rising up, the mass always gaining in hight 
above its original base and yet remaining in other 
respects in the same position, it is different with 
the land : every inch that it sinks is irrecoverably 
lost, and the distance becomes greater from the 
island to the reef. If the island sinks down, it 
diminishes in size above the water; but thereof 
remains aa it was, (though, from its slight inclina- 
tion inwards, it may be a very little affected,) till 
at last the island peak disappears and is converted 
into a lagoon. All the land disappears, and the 
island becomes a perfect Attol ; and if the subsi- 
dence still goes on, the lagoon will acquire con- 
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siderable depth. This theory also is as satisfactory 
in explaining the barrier reef as in accounting for 
encircled islands, lagoons er attols. Let us take 
the following diagram as representing a barrier 
reef on the coast of Austravia : 



A 




Here the land, instead of going down abruptly 
to the sea, has a gentle slope. When the reef be- 
gan to grow at d, suppose the land stood 1000 feet 
higher than now; the level ef the sea would be b 
c. But as the bed went down, the reef would be 
raised 1000 feet, or from d to g, and ef would re- 
present the level of the sea. But as the distance 
/ g is greater than c d, it is obvious that the higher 
up towards the surface the reef be built so much 
faster must the land be constantly retreating ; and 
the rate at which this will go on is in proportion to 
the angle of descent. If at an angle of 30° one 
foot in vertical flight be lost, the change in dis- 
tance will be about thirty feet. But in a gently 
sloping coast every foot in hight measures a vast 
number of yards ; and the land will retreat at a 
greater rate. Thus the barrier reef is at a con- 
siderable distance from the coast — 20, 30 and 
sometimes 70 miles off. 

I ought here to say that corals will not grow too 
near the shore, in consequence of the sand and mud 
carried thither by streams and carried up by waves. 
It is only in clear, salt water that they lie ; fresh 
water poisons them. On the other hand, they will 
not grow too far from land, because the sea is there 
too„deep. Just as only a ring or zone aroundjEtna 
and Teneriffe is inhabited by human beings, because 
on one side is the sea and on the other volcanic 
ashes, &c. — so is it with'these corals, which grow 
°t ly i in 8 narrow zone at a certain distance from 
the land. As the island goes down, the corals 
build up, and we have nothing left but the lagoon. 
We have islands also in an intermediate state, as 
Tahiti and Gambier's group, most of which, how- 
ever, are perfect attols. Nine-tenths of them have 
arrived at this state. 




In this figure suppose A to represent an island 
2000 feet high, and B a shoal in the sea, when c c 
is the sea level. Now, if the coral grow on both 
islands as they sink gradually untill it be 2000 feet 
thick, we shall have attols at the summits. If the 
top be washed, so that the corals wil not grow, a 
ring will be formed, and grow up, and we shall 
have a lagoon ; A will become an encircled island 
for ages, until it is submerged, and then the rising 
coral will form a lagoon. So that this lagoon isl- 
and really represents a sunken mountain. This 



may be seen at Tahiti, in Gambier's. group, and in 
the Dangerous Archipelago — an area of 4009 miles 
in one direction, and 600 in the other. From this 
you may infer what must have been the vast differ- 
ences in level of so vast an area. Take any conti- 
nent containing a thousand mountains, and how 
very great a difference will there be between the 
elevation of the different summits ! What a differ- 
ence between the high and the low ! And what 
an amount of subsidence must take place before 
they are all so sunk as that we shall see only 
the topmost, upon the same level ! and yet to this 
are we led by the theory of subsidence ; nor should 
we be terrified or frightened out of any sound the- 
ory by contemplating the vastness of the results to 
which it leads. 

I may as well mention that this theory of subsi- 
dence was not invented for the purpose of explain- 
ing these phenomena. Long before Darwin had 
made his examinations of these coral islands, in 
1335, I published my opinion upon this point, that 
the sinking down of the Pacific might be in excess : 
that its depression might be greater than its up- 
heaval. For in no other way could we explain 
how such a multitude of islands should exist first 
at a level, and now more than 60 feet above the 
surface. Henderson's Island is about 60 feet 
above, and the Tonga islands of Capt. Cook, are 
about 20 or 30 feet. The theory, then, was not 
made for the purpose of .fitting the facts — though 
it is a perfectly legitimate reason for adopting a 
theory, that you find it will explain all the known 
phenomena which no other theory will explain. — 
Still, it is somewhat more satisfactory if the prin- 
ciple was not formed expressly to suit -the facts of 
the case. I argued that if there was an equal 
amount of upheaval and depression — supposing a 
motion of oscillation — a movement up as well as 
down — to take place, large masses of coral will be 
raised above the level of the sea; and that, unless 
we assume that the downward movement is in ex- 
cess we are impelled to conclude the coral would 
not have remained en the level. For if it sink 30 
feet in a century, the coral would grow up in that 
time 30 feet : — if it rose ten feet we should then 
find the selid ground of the coral ten feet higher 
up. If you leflect you will see that it is quite 
impassible to have so vast a number of islands just 
on a level without supposing the sinking to be 
slightly in excess ; and when you find that this will 
explain the formation of attols and encircled 
islands, you must be skeptical if you reject the evi- 
dence in favor of it; especially when it is ascer- 
tained that in Greenland the land is settling — that 
there is a small subsidence in the Bay of Bane — 
at the mouth of the Indus, and along parts of the 
coast of South America. But what shall we say 
when we are forced to conclude that, not only 
must there have been a sinking down of the floor of 
the ocean to bring all its mountains to the same 
hight, bu't that all must have gone down so gradu- 
ally as never to sink one hundred and ticcnty 
feet at once ? For if there had ever been a fall of 
120 feet the corals never more would have grown ; 
all would have perished, and no new ones would 
spring up. The whole procesB of subsidence then 
must have gone on at a very gradual rate — not 
more than a few yards at any one time. 

But when islands are rising (and we find that a 
large proportion of the islands in these seas are 
volcanic islands, or that in some part of them are 
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volcanoes in active operation,) in this case we 
have coral reefs, but they do not encircle the 
islands ; but we shall have a formation called by 
Darwin, fringing reefs ; reefs fringiiag the shore 
as near as the zoophytes could live. There is a 
small island off Sumatra overspread, at all hights 
from the coast to 200 or 300 feet above, with coral 
shells of the tridachna- -At the same time this 
upheaval has not carried the island as far above as 
it must before have been below the level. 

The coast of South America is one where no 
coral grows. Why is it that zoophytes will not 
live there is not perfectly explained, any more than 
why none grow in the Atlantic. The Atlantic is 
warm enough ardhas all the necessary conditions ; 
but except on the borders of the gulf-stream no 
coral islands are found on the coast situated must 
favorably in the tropical region ; at present we can 
no more explain this than why certain plants do 
not grow in the United States ; why roses are not 
indigenous in the Southern hemisphere, &c. But 
in the geographical distribution of plants the Author 
of Nature has given certain laws f and so with the 
zoophytes. They do not flourish on the Atlantic 
coast. The coast of -South America is a coast of 
upheaval so far as we can judge. There are vol- 
canoes here, and animals and. shells are found at 
various hights. Yet there are no coral islands. 
Then in Gambier's group, in Tahiti and the Friend- 
ly Islands and in the Dangerous Archipelago are- 
attols which have flat tops ; here we suppose there 
were stationary periods when the lagoons had time 
to fill up. Then in the Navigators' and in Cook"s 
island the oscillating movement causes attols and 
upraised reefs. Then in another region, in Sulli- 
van's Island and the new Hebrides — for a long way 
from North- West to South-East, the upward move- 



ment is in excess. In New Caledonia we find an 
example of an excess in subsidence. Then in the 
volcanic islands, Java and Sumatra, there is a 
great line of upheaval under which the beds of 
coral and recent shells are raised higher. 

One of the most remarkable ridges of attols is 
in the Laccadive and Maldive Islands. For several 
hundred miles in extent you find a series or circu- 
lar assemblage of inlets all of coral, some of them 
30, 40 or 50 miles in diameter. So you may trace 
them along the coast of Africa and the Red Sea, 
and go over a large area 2,000 or 3,000 miles from 
North to South, and from 7,000 to 8,000 from 
East to West, and find the same alterations. 

It is often a subject of wonder to geologists to 
trace the same shells in different countries. Thus 
in Siberia and Russia Morghison has found shells 
identical with those in England ; and the same spe- 
cies as the Caryofhyllia and others may be found 
in the North of Scotland and in this State of New- 
York. Rocks are met containing this extinct spe- 
cies with fifty others ; and they may be traced at 
least to Iowa and very likely to the Pacific. It is 
a matter for wonder and marvel that these same 
species should flourish over so large a space of 
the globe as from Siberia to Iowa : yet it is nothing 
to the extent over which masses of limestone are 
now forming. But if you penetrate to a little 
depth all the interstices will be found to be filled, 
the carboniferous lime will be found as solid as any 
limestone, and all its organic texure will have dis- 
appeared or can only be discovered by microscopic 
examination. So is it with the old rocks at Tren- 
ton and Niagara whi h are of most minute texture ; 
so that it is not true that the extent of the old 
limestone was on a grander scale than what is now 
exemplified in the present state of the globe. 
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ORIGIN OF COAL. 

In speaking of the different strata of -which the 
Earth's crust is composed — those at least which 
contain organic remains — I spoke of them as so 
many volumes of History — as so many monuments 
of the ancient states' of the globe ; and of their 
different structures as being so many leaves of 
these volumes. All that I can do in this short 
Course of Lectures is to take down at random, first 
one and then another of these volumes, and en- 
deavor not to give you any idea of the contents of 
the whole, but just to express something of the 
method employed in the attempt to decypher these 
ancient memorials of the Earth's History. Now, 
the volume which I intend to take down to-night is 
that which we term the Coal formation ; and I 
shall speak of it only so far as to show the rela- 
tive position, and the state of the different periods 
when they were deposited beneath the water. 

Now when I term this formation Coal, I merely 
mean this assemblage of strata which rests on the 
Older Sandstone, and in which is found that valu- 
able fuel we call coal ; and although the quantity 
in which it is contained is very small in com- 
parison with the bulk and volume of the other 
strata, there is still great interest and importance 
attached to it. We see that in going from the 
highest to the lowest beds yet discovered, the 
Coal occupies quite an ancient position — one indi- 
cating a formation low down in the Sea — as we 
have above in the most modern formations. We 
have first the Post-Pliocene, then the Tertiary 
formation, then the Chalk, which is made up of cal- 
careous matter, formed mostly, at least in Europe, 
from decomposed shells and coals, and of those 
green marls which are found in New-Jersey and 
are of such extensive use in Agriculture ; then we 
have the Jura limestone or Oolite, in which also 
are masses of coral like the common coral reefs : 
below this are two other groups, of whish I shall 
not speak at present, and lastly we come down to 
the Carboniferous or coal-bearing stratum which 
rests upon the thick sandstone beds, or the lime- 
stone containing corals, and which, like every 
other formation, contains species of animals, shells 
and plants of different species, from those imme- 
diately antecedent or following. Below this again 
we see limestone and shale, which enter most 
largely into the structure of the rocks of the State 
of New-York, and which abound in fossils. 

Now a great ehange must have been experienced 
before the coal period, when the fossils were de- 
posited. I am indebted to Mr. Sopvvith, an emi- 
nent civil engineer, for copies of some models pre- 



pared by him of those sections, which are faithful 
and accurate representations of actual localities, a3 
has been fully verified by Dr. Buckland and my- 
self in examinations which we made last spring. 
The different strata of sandstone, shale and con- 
glomerate of which the carboniferous formation is 
composed, are here represented. The sections 
represent facts ascertained in cutting perpendicu- 
larly through the Newcastle coal district. They 
are not hypothetical, but are founded upon exact 
measurement. In one of these sections you see 
the dip of the beds is at an angle of 20°, while the 
slope of the valley is 40°. In the other the dip is 
50°, and the slope of the valley in the same di- 
rection is 20°. In these two eases, therefore, the 
relation of the slope of the valley and the dip of the 
beds is reversed. In both cases also, the slope of 
the valley and dip of the beds are to the South. To 
those who are not acquainted with these technical 
terms, I may say that the deviation from a hori- 
zontal plane of the beds is called the dip; while 
the strike, as it is called, is the extension of the 
strata in a direction at right angles to the dip. In 
this case, as the dip is to the South, the strike must 
be from East to West. The flexures of the valleys 
depend on their inclination relatively to the dip ; 
and these two sections cut through beds of coal 
and shale and sandstone — the shale being indu- 
rated clay — are illustrations of cases in which the 
two strata come up to the surface according to the 
various relations of the slope of the valley and the 
dip of the bed. It is a rule among miners that 
when the dip of the beds is less steep than the 
slope of the valley in the same direction, then the 
Vs, as they are termed, will point upwards, those 
formed by the newer beds appearing in a superior 
position and extending higher up the valley. But 
when the case is reversed, and the dip of the beds 
is steeper than the slope of the. valley, then the 
Vs point downwards, and those formed of the 
older beds appear uppermost. 

These rules may often be of great practical ser- 
vice in many cases. For example, supposed miner 
first to begin his operations in one valley with the 
structure of which he is familiar. If he should sink 
his shaft through the formations above he would 
come to the coal which is below. But suppose one 
unacquainted with these rules which I have been 
explaining, to go to another valley ; and in England 
he might easily go to such a valley, for these cases, 
as I said, ate not hypothetical. He might, contin- 
uing along the same side of the hills as he had seen 
in the other valleys, where he observed the same 
out-cropping, as it is termed, of the Coal seams, 
suppose, reasoning from his former experier.ee, that 
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he might begin his workings in the bed at the 
higher part of the valley with the expectation of 
Coming down to the other bed. But he would be 
disappointed, as you will readily see by observing 
that the uppermost bed is lower down in the val- 
ley, and the lower bed is the highest up. This yau ' 
can easily trace with your eye upon these sections, j 
An acquaintance with these ules and their applica- , 
tion is of the greatest importance to those specu- 
lating in mining transactions. In the coal field of] 
Pennsylvania, to which I shall presently allude, : 
near Pottsville, I saw an exemplification this year ; 
of the two eases alluded to — when in the coal of 
the same valleys the V's in some cases pointed one 
way, and in the others in the opposite — the dip and 
slope being both towards the south. There is no- 
thing more singular, or which has struck me so 
forcibly in respect to the coal fields of this country 
as their close resemblance to those of the north of 
Europe, and of England in particular. I have trav- 
eled on the north side of the Alps towards the 
south, and have been astonished to find minerals of 
fossil of entirely distinct genera from those met 
within th\3 Pyrenees. Nor have the chains of moun- 
tains any thing to do with this remarkable change 
— for the beds were formed at the bottom of the 
sea before the mountains existed. Observing this I 
great change, then, iti'the short passage of a few 
hundred miles, it seems to be most surprising that 
in passing, at the distance of three or four thou- 
sand miles, from England to the Apalachian chain 
in Virginia, we should find the cool measures the 
same as those we left behind, represented in the 
red sandstone, and containing white grit and slaty 
shales, and clays not slaty, and beds of conglome- 
r Ate containing quartz pebbles. 

It is generally admitted by geologists that all 
that fuel which we call coal is of vegetable ori- 
gin. If there has been any dispute with regard to 
Ithis, it was settled when a portion of the Newcas- 
tle coal some years ago was submitted to a micro- 
scopic examination; After cutting off a slice so 
thin that it would transmit light, it was found that 
in many parts of the pure and solid coal in which 
geologists had no suspicion that they should be 
able to detect any vegetable structure, not only 
were the annular rings of the growth of several 
kinds of trees beautifully distinct, but even the me- 
dullary rays, and, what is still more remarkable, 
in some cases even the spiral vessels could be dis- 
cerned. But besides these proofs from observing 
a vegetable structure in the coal itself, there has 
been found in the shales accompanying it, fern 
leaves and branches as well as other plants, and when 
we find the trunks of trees and the bark converted 
into this same kind of coal as we find in the great 
solid beds, no one will dispute the strohg evidence 
in favor of the vegetable origin of this coal. If we 
find a circumference of bark- surrounding a cylin- 
drical mass of sand, we know that it has been a hol- 
low tree filled up with sand, nor can there be any 
doubt that the coal is formed of vegetable matter. 
No less than three hundred species of plants have 
been well determined by botanists, some of whom 
have devoted a great part of their lives to this study. 
From this it is to be inferred that the carbonifer- 
ous formation of Europe and America is made up 
of comparatively recent plants. I will allude to 
three or four of the most peculiar facts that lead 
to this conclusion. 

In the first place the boughs and leaves of Ferns 



are the most frequently and strikingly met in Amer- 
ica as well as in Europe. So perfectly have they 
been preserved that there can be no doubt that 
they are really ferns ; and in some cases even their 
inflorescence has been preserved at the back of the 
leaves. Where we have not the flowers and prints 
remaining, we have found it possible to distinguish 
the different species of fossils and ancient ferns 
by attending to the veining of the leaves. At least 
one hundred species are determined in this way. 
The most numerous of these vegetable veinings 
are those which have been called Sigillaria — or 
Tree Ferns. Their stems are found to be fluted 
vertically and i*n the flutings are little stars — as it 
were — each of which indicates the place where 
the leaf was attached : and it is evident, as M. 
Adolfhe Brongniart has shown, that, they are 
recent Tree Ferns. One argument for believing 
this is that although the bark of these trees is so 
well marked that forty-two species have been de- 
scribed, yet there is never found any leaf attached ; 
while we have in the same beds loose leaves in 
abundance which have no trunks. The natural in- 
ference is that they must havo belonged to the ar- 
borescent ferns ; as for instance the section named 
Caulopteris is admitted by all to have belonged 
to this species. This fact is also important be- 
cause the tree ferns and especially the Caulopteris 
are now known to be exclusively the inhabitants of 
a warm and humid climate — much more hot and 
moist in those parts of the globe where coal now 
abounds. For we find coal not only in England 
and Nova Scotia, but as far north as Melville's 
Island and Baffin's Bay, in a climate where the 
growth of such fern plants is dwarfish and stinted. 
It is evident that when these vegetables existed 
there must have been a warmer, and probably a 
more equable climate than now even in warmer 
latitudes. 

For even in the tropical zones, where we meet 
with large developements of the Caulopteris, 
their general growth is much smaller than these 
fossil remains. So is it with all the plants of the 
fir tribe ; many of them of which we find fossil re- 
mains in the coal, now exist only in the Southern 
latitudes, where no coal is found. The Araucaria 
we now find in Chili, and other warm parts of the 
globe, but never at the North, where its fossils 
abound in coal. The gigantic plants of the Equi~ 
cetaceous tube are also found to be much smaller 
now in hot latitudes than are their fossil remains; 
This would lead to the inference that the climate 
in Northern latitudes was then much warmer and 
more moist than it is now in any part of the globe. 
The same thing is made evident by a comparison 
of these fossil Sigillaria with those which now 
attain their greatest size in the islands of the Pa- 
cific. I have also found several plants, as the As- 
terophyllites in the Apalachian chain, this year, 
which I have also from Nova Scotia and Europe, 
and- which cannot certainly be referred to any liv- 
ing families. These all, however, bespeak a ter- 
restrial vegetation, though occasionally foundmixed 
with marine shells and corals. 

Another class of fossils common in coal shales 
is the Lepidodendra-'somev/hat allied in form to 
the modern Lycopodiums, or white mosses. Though 
the mosses of the present day are ne ver more than 
mere shrubs even in the warmest regions, yet at 
the carboniferous period tbey attain an enormous 
developement, being 50, CO or even 70 feet nigh. 
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There have been two theories to explain how 
these pla-nts could have been carried into the sea, 
estuaries or lakes, and drawn beneath the water 
and accumulated in the strata so as to form coal. 
One of them asserts that the plants must have 
been drifted aad buried in the water, since we 
find them intercollated between different slates or 
shales; just as plants lie between the leaves of a 
botanist's herbarium, and are pressed together, 
so have these ferns been found flattened between 
the seams of shale. They have been carried from 
the place where they grew, drifted out to a cer- 
tain distance, water-logged and sunk in the mud 
and other strata deposited above them, so as to 
form this inter collation between the different leaves 
of clay. 

But many believed, from seeing the roots, that 
the plants grew on the spot where we now find 
them. But when we come to observe that these 
roots terminate in different strata, it will seem evi- 
dent that they were carried dawn, sunk, and stuck 
in the mud as snags are now in the Mississippi. — 
In the quartzose sandstone at St. Etienne, near 
Lyons, are found a vast number of these Lepido- 
dendra and Sigillaria. No one apparently can 
doubt that these drifted to their present position, 
and that they were afterward covered with sard 
brought down by rivers. Many appearances fa- 
vor this hypothesis. Sometimes we find beds of 
marine shells, then vegetable matter, and then a 
mixture of fresh water and marine shells. 

But though these facts maybe thus explained, 
the discoveries that are being made lead geologists 
to come round more and more to the opposite 
view of the case — to the hypothesis which refers 
the growth of laree beds of coal to the increase 
on the spot — after the manner of peat, as it is 
seen in cold and dark climates. This may appear 
contradictory to what I said with regard to a 
change of climate since the carboniferous era; but 
it is not necessarily so. The opinion of Werner, 
confirmed by the speculations of Brongniart, led 
me to believe, contrary to my early impressions, 
that by far the greater part of the coal had grown 
in the spot where it is found. Accumulating like 
peat on the land, the land must have been submerged 
again and again, to allow the strata of sand and 
mud to be superimposed as we now find them. 

In excavating for coal at Balgray near Glas- 
gow, in 1835, many upright trees were found with 
their roots terminating in a bed of coal; and only 
three years ago, in cutting a section of the Bolton 
Railroad in Lancashire, eight or ten trees were 
found in a vertical position ; they were referable to 
the Lepidodendra species and allied to the Lyco- 
podiums, or club mosses. All were within 40 or 
50 feet of each other, and some of them were 15 
feet in circumference at the bottom. The roots 
spread in all directions and reached beds of clay, 
and also spread eut into the seams of coal. — 
There is no doubt that these trees grew where 
they are found, and that the roots are in their ori- 
ginal position. The seam of coal has possibly 
been formed of the leaves which fell from the trees. 
Tiiis is a singular fact: that just below the coal 
seam and above the covering of the roots was 
feund more than a bushel of the Lepidostrobus — 
a fruit not unlike the elongated cone of the fir tree. 
It has always been imagined that the Lepidostro- 
bus was the fruit of the Lepidodendra ; but here 
they are found beneath other trees. 



Under every seam of coal in Wales is found the 
fire clay — a sandy, blre mud, abounding in the 
plants called SUgmaria. First is the seam of 
coal, theh the fire clay, then another seam of coal, 
and then the sand stone. In one part of the New- 
castle coal field about 30 species of Sigillaria 
were discovered : the trunks were two or three 
feet in diameter. They pierce through the sand 
in a vertioal direction, and after going for some U 
feet perpendicularly, the upper part bends round 
horizontally, and extends laterally into the sand — 
and then they are so flattened by the superincum- 
bent strata, that the opposite barks are forced 
within half an inch ef each other. The flutings 
are beautifully preserved in the flattened horizon- 
tal stems. Here we had an ancient forest grow- 
ing in a bed of clay — buried in some way with, 
sand to a certain depth, aad then the upper part 
was bent and broken off by the water current, and. 
buried in layers of shale and sand. There are 
many cases of this kind in Wales, where the roots 
of the trees evidently preserve their original posi- 
tion. Mr. Logan, an excellent geologist, has ex- 
amined no less than 90 of these seams in Wales. 
They are so exceedingly thin that they are of but 
little value in an economical light — yet they are 
just as important for geojo^tcal purposes, as if 
they were thick strata. Under every one of the 
90 he kas found the fire clay, a sandy mud con- 
taining the plants called SUgmaria. It was dis- 
covered years ago that this fire clay existed with 
the coal mine; but it was not known that it was 
the floor of every coal seam, and not the roof, 
which contained this plant in a perfect state. The 
SUgmaria appears in the under clay (to use the 
term employed by miners,) a cylindrical stem, 
from evsry side of which extend leaves — not only 
from the opposite sides, but from every side: they 
appear like tubercles, fitting on as by a joint. — 
They radiate in all directions in the mud, where 
they are not flattened like the ferns. Had they 
been, we might have had leaves in two directions, 
but not on every side. These plants resemble the 
Euphorbiacea; in their structure, and in some re- 
spects are analogous to the Coniferous or fir tribes. 
In their whole structure they are distinct from all 
living genera or families of plants. In one in- 
stance a dome-shaped mass was found with stems 
and leaves — some of the branches being 20 or**30 
feet in length and sometimes longer. It has beert 
thought by Dr. Bucklanj> and other geologists, 
that these plants either trailed along in the mud 
at the bottom of swamps, or have floated in 
lakes like the modern Stratiotes. 

After Mr. Logan had arrived at this remarka- 
ble fact, we become particularly desirous to know 
if the same fact was true in the United States. — 
When I arrived here in August, I had no idea how 
far it was true, yet it was known the SUgmaria 
did occur; and my first opportunity to inquire into 
the fact was at Blossburgh, in the Bituminous field 
in the Northern part of Pennsylvania. My first 
inquiry of the geologist was whether he found 
Stigmaria there. I was answered in the affirma- 
tive; and on asking if the plant occurred in the 
under clay, he said we could soon settle the point. 
He had one of the mines lighted up, and the only 
plant we could find in the under clay was this 
SUgmaria ? it existed in abundance — its leaves 
radiating in all directiens, just as in "Wales, more 
than 4,000 miles distant. The same crutal ap- 
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pearance was preserved. In the roof of the coal 
seam were seen different species of ferns — Sigil- 
lari and Calamites, just as in North Carolina and 
in Wales. Afterward another opportunity oc- 
curred in the Pottsville region of Anthracite coal. 
Professor Rodgers, the State Geologist, who, 
though well acquainted with the strata of the dis- 
trict, was as-anxious as I was to know if the rule 
■would hold good, examined first at Pottsville and 
at Mauch Chunk, when the same phenomena were 
observed. In the first coal mine we came to, the 
coal had all been quarried away (for the work was 
carried on in open day) and nothing but the cheeks 
of the mine remained. The beds, as they have 
been horizontal, are now not vertical, but have 
gone through an angle of a little more than 90°, 
and turned a little over ; so that what is now the 
under side was originally the upper ; therefore the 
cheek on the left side was originally the floor of 
the mine. We now looked at the lewer cheek; 
and the first thing we saw was the Stigmaria, very 
distinct ; on the other side, but a little way off, 
were ferns, Sigillarieje, Calamites, Asterophyllites, 
but n& Stigmaria. So it was at Mauch Chunk, 
where we found one 30 feet long, with leaves ra- 
diating in all directiens. At this place there is a 
bed of Anthracite nearly 60 feet thick — a magnifi- 
cent accumulation of vegetable matter, to which 
there is nothing comparable in Europe. Except 
in one place it is perfectly pure. 

It has now been ascertained for many years that 
Prof. Eaton was quite correct in affirming the An- 
thracite and Bituminous Coals to be of the same 
age. This is shown not only by their relative posi- 
tion with regard to the red sand-stone, but from the 
plants found in both being identical. 

All the coal fields, therefore, may be regarded 
as one whole, and the question will occur, How 
did it happen that the great floor was let down so 
as to prevent the accumulationof coal and yet plants 
of so different textures should be found in it ? It 
has been suggested that these plants grew in 
swamps ; and it is possible to imagine that there 
may have been morasses fitted only for the growth 
of the species of plants called Stigmaria ; and 
that this marsh filling up, this and the other plants 
became dry, and the leaves accumulated one layer 
above another, so as to form beds of coal of a dif- 
ferent nature from those that preceded. You know 
it is a common thing for shallow ponds to fill up 
gradually with mud and aquatic plants and at last 
peat and trees are formed upon them. A corres- 
ponding change is constantly going on in different 
parts of Europe — the same transition from bogs 
and marshes to a soil capable of supporting various 
great trees is taking place, and then the ground is 
submerged ; fer always, again and again, we must 
refer to this subsidence of the soil. 

Many of you, I suppose, have seen the morass 
called the Great Dismal in North-Carolina and 
Virginia ; and you have probably had an opportu- 
nity, as I have, of crossing the northern extremity 
of it on a railway supported by piles, from Norfolk 
to Weldon. This is no less than forty miles from 
north to south, and twenty from east to west cov- 
ered entirely with various forest trees, under which 
is a great quantity of moss ; the vegetation is of 
every variety of size from common creeping moss 
to tall cypresses 130 feet high. The water sur- 
rounds the roots of these trees for many months in 
the year. And this is a most singular fact to one 



who has traveled only in Europe, that, as is the 
case in the United States, trees should grow in the 
water, or surrounded to a certain hight by water, 
and yet not be killed. This Great Dismal was ex?- 
plored some years since by Mr. Edmund Ruffin, 
author of a valuable Agricultural Journal. He first 
calls attention to the fact that a greater portion of 
the vast merass stands higher than the ground that 
surrounds it; it is a great spongy mass of peat, 
standing some seven >r eight feet higher than its 
banks, as was ascertained by earful measurements 
when the railroad was cut through. It consists of 
vegetable matter with a slight admixture of earthy 
substance, as in coal. The source of peat in Scot- 
land is that one layer of vegetation is not decom- 
posed before another forms. So is it in Chili, Pat- 
agonia and Terra del Euego. Thuff also in differ- 
%nt parts of Europe, in the Falkland Islands, as 
Darwin has shown. Thus, too, is itin the Great 
Dismal, where the plants and trees are different 
from those of the peat in New-York. It is found 
on cutting down the trees and draining the swamp 
and letting in the sun, that the vegetation will not 
be supported as it was before beneath the dark 
shade of the trees. In the middle is a fine lake, 
and the whole is inhabited by wild animals, and it 
is somewhat dangerous to dwell near it by reason 
of the bad atmosphere it creates. It is covered by 
utost luxuriant vegetation. We find in some places 
in England that there is a species of walking 
mosses, which are sometimes seized with a fancy 
to walk off from their places: the moss swells up, 
bursts and rolls off, sometimes burying cottages in 
its path. In some places this peat has been dug 
into and houses have been found radiating several 
feet below the surface — curious antiquarian re- 
mains. In the same manner the Great Dismal may 
spread itself over the surrounding country. 

In speculating upon the probable climate of the 
Carboniferous period, it is believed that we have 
only to imagine a different distribution of the land 
over the surface of the planet than that which 
now prevails, to produce such a warm and humid 
climate as must have prevailed when these plants 
flourished which form coal. It is the existence of 
high lands near the pole which produces such 
great cold. If these mountains were to be trans- 
ferred to the tropical regions, it would immedi- 
ately lower the- temperature of all climates of the 
earth. Now one who has attended to the study 
of rocks and fossils, sees at once that the present 
physical geography of the globe has no reference 
to its ancient condition. Seas once occupied a 
large portion of what are now continents, and we 
also find evidence of marked change in the Car- 
boniferous and other strata. Inthe limestone ac- 
companying the coal we find corals and shells, 
strongly indicating a higher temperature of the 
sea, as the plants shadow forth a higher tempera- 
ture in the atmosphere. 

I have been favored with a map illustrating 
these points by Prof. Hali, one of the State Ge- 
ologists engaged in surveying the State, whose la- 
bors will soon be made public. And here I can- 
not avoid saying that I have been over much of 
the ground which they have surveyed, and it gives 
me great pleasure to bear testimony to the accu- 
racy of their labors, to the great pains they have 
taken, and the science with which they have con 
ducted the survey. I look forward to the appear- 
ance of their work, embracing the results ef their 
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labors, as cm era in the advancement of science ; 
and the patronage which has been afforded by the 
different States of the Union to these surveys, is 
much greater, in proportion to the population, 
than any European power has ever extended to 
the advancement of geological science. When we 
remember, too, the complaints that may be heard 
in different parts of the State that the geologists 
have failed to discover any mineral wealth, even 
in an economical point ofview, these scientific re- 
searches are of high value, though their greatest 
interest arises from the promotion of the know- 
ledge of the structure of the globe. 

But merely estimating the mischief they have 
prevented, we shall see an ample remuneration for 
all the expense attending the survey. I have been 
told that in this State alone more than a million of 
dollars have been expended since the Revolution- 
ary War in boring for coal in 'formations where 
it is impossible to find any — below the carbonife- 
rous strata. 1 should not, to be sure, have ven- 
tured to generalize from Europe as a type and say 
that the rocks in the crust of the earth occupy the- 
same relative position here, and that coal would be 
found always in this country under the same condi- 
tions as in Europe. But when for twenty years or 
more we find coal accompanied by the same plants, 
and that no valuable fuel has ever been found under 
any other circumstances, we should be safe in say- 
ing that none could be found in the older strata. — 
If we begin in the newer beds, we may come doijn 



to the coal, and find enough coal to pay the ex- 
pense of boring for it. But if we begin in the 
srrata beneath the carboniferous, we should cer- 
tainly never reach the coal until we had bored 
through the whole earth : we might find it at the 
antipodes, but not before. 

Thus complaints are made against these geolo- 
gists not only that they have found no coal, but 
that they have passed sentence of ' sterility upon 
the State, for they say that through all time no coal 
shall be found within its borders. And when we 
reflect on the enormous sums that havebeenwasted 
upon strata more ancient than the coal, in search- 
ing for coal, we shall see the great saving made 
in consequence of this survey; for when all its 
maps and sections are published, it will be seen 
how impossible it is to find coal in these more 
ancient beds. This is a kind of advantage which 
is never easily appreciated : because, to prevent 
mischief is never so clear and palpable a benefit 
to the multitude as to find mineral wealth. But 
one of the greatest advantages which have resulted 
from these surveys in England, and it will be 
among the greatest here, is the prevention of this 
rash and absurd speculation to find coal in strata 
below that in which those plants known to be es- 
sential to the formation of coal are found to exist : 
and after examining the whole ancient strata, both 
in the Knited States and in Europe, there has never 
been found a single bed of coal where these plants 
do not exist. 
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I hate been asked by several persons who heard 
my last lecture, upon the Origin ofCoral, if I could 
explain the difference between Coral and Anthra- 
cite ; and as^I then had no time to touch upon th»B 
subject, although my last lecture was prolonged 
beyond the limit which I wished, I will now speak 
©f it in a few words. It certainly is a good ques- 
tion : * hut several persona have asked me whether, 
conceding the vegetable origin of coal, it may. not 
fee the difference in the wood which causes the 
difference in the coal : whether one kind may not 
produce the Coal and the other the Anthracite. 1 — 
Now there is no doubt that, in the strata of the 
Earth, there is some variety in the character of the 
various Coals discovered, which may be owing to 
a difference iti the original texture and composition 
of the different plants from which they were formed. 
But this, nevertheless, is not the cause of the dif- 
ference between Anthracite and Bituminous Coal, 
as they have been produced by the same plants. — 
There ig no doubt that the Palm, and other Mono- 
potyledonous plants, and bamboas, reeds, &c. 
would give a kind of coal to a certain degree differ- 
ent from that produced by the fir and other Dicoty- 
ledons. But as precisely the same assemblage of 
plants is fsund in the Anthracite and Coal, it can- 
not be in this way that the difference between the 
substances is caused; and the conclusion to which 
the geologist and chemist have come is this : that 
Anthracite has once been Bituminous Coal, but 
has lost its bituminous matter by its escaping ; that 
the volatile part of it has escaped and the wood 
has become gradually converted into coal by the 
loss of its oxygen — vegetables being composed of 
carbon, oxygen, and hydrogen. The vegetable 
matter losing first its oxygen, loses also in the com- 
bination some portion of its carbon, forming a car- 
honic acid which escapes from the wood, eften as 
a pure gas — as may be seen in bubbles which arise 
from the bottom of pools of water : it is thus con- 
verted Into coal by the loss of its oxygen; and this 
conversion is so gradual that there are found in the 
Earth woods in every stage of the change — both in 
that state when they are called lignites and when 
they have become perfect coal. We find, too, all 
the intervening forms between wood and coal, and 
then all between coal and anthracite. This is 
caused again by the loss of the hydrogen which es- 
capes in combination with carbon, in the form of 
carburetted hydrogen gas — the same substance that 
we are now burning here. You are awate that this 
gas cannot be produced from anthracite because in 



that the operation has already taken place : it is 
manufactured entirely from bituminous coal. This 
volatile, inflammable gas may be seen to escape 
from rents in the Earth — natural rents from which 
this carbo-hydrogen issues ; and if the coal below 
be examined it will be found to be in process of 
gradual change. But there is one remarkable fact 
observed in this country : that in the coal region of 
Pennsylvania for example, — and this has been es- 
pecially pointed out by Prof. Rodgers in his sur- 
vey of Pennsylvania — the anthracite is fonnd to be 
purest in the most disturbed part of the mountains ; 
and it is half bituminous when you get into the re- 
gions that have been slightly disturbed — in the 
western part of the State ; and when you reach the 
perfectly horizontal coal district — that where there 
has been no disturbance, no shattering and tearing 
up of the mountains — there the coal is purely bitu- 
minous, not having lost its hydrogen. Some have 
suggested that this is owing to the rending and As- 
suring of the rocks in the disturbed region, in 
which all the volatile matter would have escaped 
more easily. Of this there is no certainty. But 
the general fact is undoubted — that in proportion 
to the disturbance, overthrow and bending of the 
strata — some of which have been folded back upon 
themselves — do we find that the conversion into 
anthracite from pure carbom is most complete. 

The next subject of which I shall treat is that of 
Fossil Footsteps found in the formation which we 
call the New Red Sandstone. Its position in the 
series is as follows : 

1. Chalk. 

2. Oolite. 

3. New Red Sandstone. 

4. Magnesia Limestone. 

5. Coal. 

6. Old Red Sandstone. 

7. Silurian Group. 

8. Granite. 

In the upper part are found organic remains in 
great abundance and in the red and white sandstone 
there were found about seven years ago in Ger- 
many the remains of. footsteps — prints apparently 
made by the feet of quadrupeds (rudely represent- 
ed in this drawing) [exhibited.] Often five or six 
pairs of these are found in one track. They are 
found near the borders of Bohemia at Hessburg ; 
and their discovery created at first a prodigious sen- 
sution in Germany because some imagined that the 
animals were a sort of extinct form, perhaps, of 
man, or some prototype of man. The hand-like 
form of these tracks, resembling in some degree the 
human hand, created great astonishment. The 
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largest track was about eight inches long ; before 
each of these large tracks is a small one which is 
referred to the fore foot of the creature. There 
were observed four toes and one other which resem- 
bled a thumb. In one track that was found on 
the right, in the next on tha left, and so on ; and to 
whatever distance they were traced they were 
found thus to alternate right and left. No doubt 
whatever is entertained that these represented the 
steps of some animal imprinted on layers of clay 
when in a soft state. They stood out iB relief upon 
the under side of the slabs and sandstone when 
taken out; because this sandstone was once in the 
form of loose land, and was thus deposited in the 
hollows of the clay below ; so that it would pre- 
sent the appearance of a cast moulded in the Jiol- 
lows of the adjacent clay, and we should have a 
perfect cast in relief ef the footsteps of the animal 
as it walked on the clay. 

Some conjectured that this animal belonged to 
the Marsupial or Kangaroo tribe, because the hind 
feet of this animal are remarkably large in com- 
parison with its fsre feet ; and it has feet also very 
much in the form of the human hand. Others be- 
lieved it ts belong to the Crocodile tribe ; and I'rof. 
Link early conceived that it belonged to the Ba- 
trachian or Frog family. While this discussion 
was going on in Germany — or but few months af- 
ter this — similar footsteps were found in the Red 
Sandstone of the same age in England, atStoreton 
Hill in Cheshire, not far from Liverpool, on the. 
banks of the Mersey. These salient footmarks were 
observed in no less than five distinct ranges or lay- 
ers of sandstone ; there were five thin layers of 
clay, and resting on each was a thin white or yel- 
low quartzose sandstone, which presented these 
footsteps precisely like those found in Germany. It 
had been previously ascertained k from the position 
of these beds, and the other fossil rocks in ques- 
tion, that they were of the same age with those in 
which the footprints were found in Germany. They 
were found of several sizes ; one in which the larg- 
er footstep was eight inches in length ; another in 
which it was twelve ; this was called the Ceirithe- 
rium Herculis, on account of its great size. The 
tracks were about fourteen inches apart. In the 
Museum at Liverpool, is preserved a long slab of 
sandstoae — as long as this staff (some ten feet) in 
which the prints are so beautifully distinct in relief 
that you would suppose they had been made by the 
chisel of the sculptor. In some slabs preserved in 
the British Museum you may see prints of this 
shape [exhibited] which are evidently c»3ts of the 
small cracks below. The clay having shrunk, these 
cracks were opened by the heat of the sun : or so 
that when the loose sand was deposited in the 
footprints of the animals, it found them filled with 
these rents in the clay ; and when they came to be 
taken up, these cracks are found to be in relief, as 
well as the footsteps. The same things are found 
in the same beds of England ; and in this red sand- 
stone, which is found all over Cheshire and other 
parts of the kingdom, are found ripple-marks — 
parallel ridges, marking the ripple on the beach of 
the sea at low-tide. 

It was remarked when reasoning upon the sub- 
ject in London, and in the discussions of the Geo- 
logical Society, that these footsteps must have 
been made by an air-breathing animal: as no ani- 
mal which existed under water could make such 
distinct foot-marks, not being heavy enough in that 
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fluid ; they were pressed down by the weight of an 
animal walking in the asmosphere, and therefore at 
low tide. And nothing is more common now than 
to observe the tracks of various animals upon the 
beach at low tide. I had an opportunity myself of 
observing this in the islands near Savannah in 
Georgia. At low tide I have seen the whole beach 
covered with the tracks of the Opossum, Racoon 
and other animals ; and in many places after tracing 
these tracks some hundreds of feet, I came to 
places where the quartzose loose sand of the low- 
cliffs of the islands had been blown by the wind 
only a few hours before while the tide was down ; 
still there had been time for the tracks to he made 
and f®r the wind to bio* the sand over, and in 
some places the tracks were thus obliterated, some 
entirely and others only in part. We have then 
only to suppose a submergence of a coast so situa- 
ted carrying down this sand, afterwards that it was 
consolidated by ferruginous or other matter, and 
we should have a counterpart of this. Take up a 
slab of the common sand and it would present the 
same marks of the racoon and opossum. 

At the same time that these fossil remains were 
discovered by Fiof. KAUP,who devoted considera 
ble attention to the subject, Mr. Owen procured 
from Warwick several fossel teeth of a conical 
form ; and being engaged at the time in investiga- 
ting the internal texture of the teeth of various 
animals, he cut away a thin slice and subjected it 
to'examination by a powerful microscope, and he 
was surprised to find that this tooth, found in the 
New Red Sandstone, No. 3 differed greatly from 
those of all the other reptiles found in No. 2, or the 
Oolite formation. This Oolite has been called the 
age of Reptiles, because we have in it so many of 
the Terabratulai, and reptiles — flies, fish, lizards, 
lchlhyosaurians arid Saurians of various kinds — 
not one of which has texture resembling in the least 
degree the texture of those found in the New Red 
Sandstone. He made a representation of a small 
part — one- fourth of a tooth, which he has allowed 
me to copy. [Exhibited.] You see that its tex- 
ture recalls the appearance of the human brain ; 
it has the same convolutions, formed by the dentine 
and pulp of the taoth ; the animal that exhibited 
so remarkable a structure was believed to be dis- 
tinct from any living species. Supposing this to 
be the case and becoming greatly interested in this 
discovery, Mr. Owen applied to the German Pro- 
fessor Kaup, to have one of his fossil teeth sent 
from Germany that it might be dissected, and thus 
that it might be ascertained if it had the same 
structure as those found in England. This was 
done and the same remarkable texture was ob- 
served. Thus we have in both countries — five hun- 
red miles apart — fossil teeth, found in the same 
rock and having the same structure, entirely dis- 
tinct from that of reptiles in their formations. It 
was evident that they had belonged to reptiles — 
for they were different from any belonging to quad- 
rupeds or fish. It was thus believed that they were 
a reptilian class of a new and before unknown 
family. 

The next discovery made in the rocks of this very 
age, and in the same series of Sandstone in which 
the impressions of footmarks were found, was ef 
parts of the scapula, femor and pelvis of more than 
one species of this animal. It had received the 
provisional name of Cheirotherium or B east of the 
Hand, from the shape of the imprinted footstep. 
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The question now was whether the teeth and the 
bones could belong to the Cheirotkerium. 

Mr. Owen remarked, after examining 1 some of 
the bones of the hinder extremities and comparing 
them with the bones that evidently belonged to the 
anterior extremities — to the fore arm, found in the 
same place and probably belonging to the same 
animal — that there was as great a disparity in 
the relative size of these bones as in the marks 
of the hind feet compared with those of the fore 
feetj Soon after a portion of the jaw was found 
and Mr. Owen was able to construct a skeleton of 
this animal — to restore in imagination something 
of the form of the animal that once may have 
walked, so as to produce Lnese lines of foot-marks, 
by bringing its hind foot forward so as to make an 
impression close to the last one of the fore foot. — 
This figure is a representation of the animal and 
the position of his tracks : 




These parts were found when I left England nine 
months ago, and it is probable that more have been 
found since that time, for all these discoveries 
have be made within the last twelve or fourteen 
Months. 

It was therefore now clear that there had exist- 
ed, at the period of the deposition of this stratum 
an which these impressions are found, several spe- 
cies of animals which correspond well, in relative 
dimensisns, with the size of the several sets of 
footsteps found in Germany and England. At least 
three distinct sizes were found — teeth belonging to 
three distinct species. They were called Laby- 
ryntho&on from the labyrinthine convolutions in 
structure of the tooth. 

The next step made in England were to ascer- 
tain whether this Labyrinthodon was an air-breath- 
ing animal or not. Now Owen has shown from 
the structure of some bones in the lower jaw, and 
also of one in the upper, tha>t there was an orifice 
which implied a nasal cavity, placed as in air- 
breathing reptiles of the division Batrachia. For 
it is possible from [the bones to discover whether 
the animal breathed by gills, or at least by bron- 
chia, for in that those the opening would extend to 
the nostrils; whereas if the animal breathed air, 
the cavity would be placed much farther back — 
nearer the back of the head. We are able to show 
that this Labyrinthodon had been an air-breathing 
animal, and must have been able to walk along the 
side of the retiring water. 

Yob are aware that reptiles are distinguished in- 
to four great divisions — 

1. Saurians, 

2. Chelonia7is, 

3. Ophidians, 

4. Catrachians. 

The first embraces crocodiles, alligators, lizards, 
&c. ; the second, tortoises, turtles, &c. ; the third, 
snakes and boas, and the fourth frogs, newts and 



salamanders. Now, it is quite evident from its 
osteology that this creature belongs to the Batra- 
chian order — that it is a gigantic frog, as large as 
a bull, and the Cheirotherum perhaps wss as large 
as an elephant. The salamandrine reptiles are 
represented in the living order by creatures of a 
comparatively small size. In this country there is 
an aquatic [salamander among the Alleghanies 
t wo feet in length — much larger than any that we 
have in the old world, except one which is found in 
the island of Japan, called the Salamondrcc Maxi- 
ma, exactly resembling a frog. It is very singular 
that this animal should have been found in a lake 
in a volcanic crater in that island." It is now in 
Leyden, Avhere for eight or ten years it has been in 
the Museum. There were two procured, a male 
and female-, about four feet in length. Only one 
was brought home: and to prove that they arecar- 
niverous I need only mention that on the passage 
the male devoured the female, so that we have 
only one in the museum. They are fierce, vora- 
cious creatur&s^and it is very singular that that they 
should be found in the crater of a volcano ; because 
thre has always been a story — from the most remote 
period — as long ago, at any rate, as the time of 
Aristotle — that the Salamander was inconsumable ; 
and there have been despositions ingreat numbers 
made before most respectable magistrates, some of 
whom are now living, that these creatures have 
been seen to come out of a fire in which they had 
been exposed to the white heat of coals for two 
or three minutes, perfectly uninjured. But after 
a full examination it turns out that this is entirely 
a fable. 

I will now observe that although we have no 
complete specimen of either the Cheirotherium or 
the Labyrinthodon, we have still enough of their 
remains to leave no doubt of their character on the 
mind of any person. We have first in rocks of the 
same age in Germany and England the same foot- 
prints. We have in both countries certain teeth of 
a most remarkable structure, peculiar to that rock 
to which belong the animals which lived at the 
period when these footmarks were made. We 
find the hinder extremities in each species as much 
larger than the anterior portions as the posterior 
footsteps are larger than those of the fore feet. — 
And lastly we require air-breathing animals, and 
we find the structure of the nasal cavity such as 
to show that the Labyrinthodon was evidently an 
air-breathing animal. 

You may be aware that in this country there 
have been found some remarkable tracks of birds 
in the Red Sandstone of the valley of the Connec- 
ticut; and Professor Hitchcock ha3 embodied an 
excellent account of them in his final Report of 
the Geological Survey of Massachusetts, and has 
given some excellent plates net only of the extinct 
species, but also of the animals and birds that may 
now be found on the shores of the lakes of Ameri- 
ca. It appears to me that he has completely made 
out that several species of birds existed at that 
period which, so far as is known, is the same as 
Nos. 4 and 5 in which are found the footsteps in 
Europe ; and he has found some as large there as 
an ostrich, and others again of smaller size. The 
variety is considerable. He has found, too, the 
same ripple-marked figures — in which are seen 
casts of the skeletons of the cracks in the clay 
produced by shrinking. I have seen as near this 
as at Newark, examples of this sandstone ripple 
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with casts of the tracks in the subjacent clay. In 
England there are places where occurs clay which 
has been pitted over by small depressions as though 
it were done by a shower of rain. You can see 
that if rain falls upon sand it will cause a pitted 
appearance ; and of such we find slabs containing 
casts which have been called fossil showers of rain ; 
and I am inclined to believe that this is the origin 
of the appearance. And I think that upon this 
point Mr. Redfield and myself will agree — that 
in Newark we have slabs in which can be seen the 
same marks, not so exactly representing a shower 
of rain as those in England, but still having a close 
resemblance to them. In this case the marks are 
in 30ft shale and we have pits ; but when salient 
casts are found we have all the apparent marks of 
rain in relief like the footprints and casts of cracks 
in the clay. There are some beautiful remains of 
fish in the same strata in the valley of the Connec- 
ticut and in parts of New Jersey, some of which 
are upon the table. They are not in the same beds 
a* the footprints, but in the same strata — formed 
deeper under water. 

But as I must not dwell too long on any one 
subject — -as the course I am delivering is so short, 
and as I am desirous of treating as many subjects 
as possible — and having already spoken of forma- 
tion No. 3, I pass the coal — of the Flora of which 
I spoke in my last lecture — below the Red Sand- 
stone to Stata No. 7, which we see abounding in 
fossils; find in no part of the world has it so mag- 
nificent a developement as in New- York, though it 
occurs in greater thickness in Pennsylvania. But 
there is at least no part of the world that has been 
investigated where we see the fossil character of 
the different periods so well made out as in New- 
York. When we come to the subdivisions of this 
one formation, you will see at once that it forms as 
many groups as are represented in the other table.- 
The first of these divisions was formerly called 
Transition — but now the Silurian Strata ; because 
it is found mostly in Siluria, a region on the holders 
of Wales, composed of the border counties of 
AValesand England. It has been well studied and 
elucidated by my friend Mr. Mokchison. For 
this section [here exhibited] I am indebted to Pro- 
fessor Emmons and Mr. Hall of the State of New- 
York. It exhibits portions of the results of their 
joint labors; and I have had the advantage of go- 
ing over the region and seeing the beds in the or- 
der they are here represented. 

First of all we have what is called the Mohawk 
group, which is 1200 feet thick in the state of 
New- York and thicker in Pennsylvania; for the 
thickness depends on local or accidental causes. 
If the material of which it is composed be coarse 
the strata will be thick. The fine sand will be 
floated farther out at sea. In this strata occurs 
the Trenton limestone — with trilobites and other 
species of fossils. We have in this strata some 
extinctj species, as the Lingula and others, that 
must have lived in the seas. The Oraptolite is 
found in the old rocks, and is a species of zoophyte 
related to the Pennaiula. It is an example of an 
extinct form only found in ancient rocks, never be- 
yond the Transition or Silurian Strata. When we 
pass to the Red Sandstone we have a resemblanoe 
to the m»re modern rock, of which I have before 
spoken, in which are found the fossil foot-prints. 
It is called the Ontario Bandstone because it is 
found along the borders of Lake Ontario. The | 



lower part of the Cliff at Lewiston, in the Niagara 
District is the same bed seen horizontally; it is 60, 
80, and in the lower part 120 feet thick. Of its 
exact position I will speak more at length in my 
next lecture; I only wish now te point out the or- 
der in which they follow. If you suppose your- 
selfaloft in a balloon— looking down overthat part of 
the country, it would present the appearance in 
this figure — in which a portion of the wood is sup- 
posed to be cut away so that the geological struc- 
ture of the rock can be seen. 

After the Ontario sandstone cemes that which 
is called by Mr. Vanuxem the Protean group from 
the many different forms in which it appears. It 
contains the Pentamerus, an extinct species of bi- 
valve shell. Sometimes it is also in the. form of 
iron ore. This Protean mass is only about 50 feet 
thick at Queenston and Lewiston, though in some 
parts of the country it is probably thicker. It is 
found farther East and South. Passing, then, 
from the Mohawklimestone to the Ontario sandstone 
and thence to the Protean group, we next come 
to the shale and limestone of the Niagara district. 
These beds contain an assemblage of organic re- 
mains, as, for example, the Chain Coral — so called 
from the resemblance of its upper surface to a 
chain. It is a genus peculiar to the ancient rocks 
of Norway, England and the United States. When 
I say that each of these groups is distinguished by 
a different assemblage of animals, of which there 
are several hundreds in one, I would be under- 
stood to mean that some species have a wide, ver- 
tical range, as it is called. Some may live longer 
®n the globe during its changes than others ; and 
this would be expected when we consider that 
some species at present bear different climates with 
more facility than others; they are a sort of cos- 
mopolitan species, which are found every where. 
Thus we find the same shells in the Hudson as in 
our seas and in the Baltic ; the same may be found 
in the temperate .and the tropical zqnes. 

The same grdjg) which borders Lake Erie and 
is seen at BufiiUraierms the Black Rock of Buffalo. 
It is called the tffUderberg lime-stone, because in 
the Helderberg Mountains we have no other beds 
of limestone, and upon the fossils found in them I 
might employ the whole of eight lectures ; and 
you might suppose that the whole of geology was 
embraced in their discussion. Still that is only one 
subdivision of this one stratum, and there are beds 
of Corals found in other lime-stone, and in the old- 
est Trenton lime-stone like the ancient reefs — the 
species being for the most part different in each. 
There are found in the same series of the Silurian 
strata in England corresponding lime-stones at dif- 
ferent stages, and occurring in the position in 
which they originally grew. They have the point 
of attachment at the bottom of the stratum, and 
the upper part continues to be uppermost. Or if 
they are hemispherical, those which radiate, you 
must determine by the manner of radiation which 
is the base and which the upper surface of the 
coral, and thus determine whether it is in its ori- 
ginal position or has been overturned. We often 
see them in their natural position, as they grew, 
one upon the other. In several cases we find them 
broken and thrown over, as if by the force of the 
waves. In both cases the same coral grew in one 
case at the surface in reach of the waves, and in 
the other near the surface ; because it is known 
that corals do not grow in the deep, dark, cold, u»- 
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fathomable abyss of the sea, but within 120 feet 
of the surface, enjoying the light and warmth of the 
sum. Some of these corals are as large as this table, 
as at Williamsville, near Buffalo. In following for a 
long distance, as may be done in England, Nor- 
way and Sweden, this strata of fine sand which has 
formed this group, you find no other fossils but the 
Graptolite, belonging to the zoophytes of which 
the living specimens are found in muddy bottoms. 
Beneath that fine mud is no example of fine sand 
being deposited, for it will not go on in deep water. 
If you consider the laws which regulate matter 
falling through fluids, you will easily see the truth 
of this: the doctrine of .terminal velocities ex- 
plains it. For example, if you let a bullet of lead 
one inch in diameter fall through through the air at 
the density at which it exists at the surface of the 
earth it will never fall beyond a given rate ; it will 
fall faster and faster from the hand until it reaches 
a rate of 260 feet in a second, when it will never 
fall faster; far the fforce of gravity is a constant 
force, but the resistance of the air increases in a 
geometrical ratio. So in water; a bullet would 
never fall at a greater rate than 8^ feet in a se- 
cond ; while it would fall 260 feet in air it will 
only fall 8| in water. If you reduce the ball of 
lead from an inch to a hundredth part of an inch 
.in diameter it will fall only one inch in a second 
instead of 8J feet ; and so we shall find that if it 
be still farther reduced its maximum rate of de- 
scent will be much less. 

But fine mud, such as large rivers deliver into 
the ocean, only falls at the rate of about two feet 
an hour. Now, suppose the mud to be directed 
into a current like that of the Gulf Stream for ex- 
ample, which runs at the rate of three miles in an 
hour — suppose it to be delivered into the ocean by 
the Amazon or some other great river, and thrown 
into this current, it would be carried 2000 miles 
by the Gulf Stream in a month, while it was sink- 
ing 600 feet, which is no depth at all in the ocean : 
and we have reason to believe that the influence of 
the Gulf Stream extends for at least 600 feet be- 
low the surface, as is shown by its action upon ice- 
bergs. I think Mr. Redfield will agree with me 
in saying that the action of the Gulf Stream on 
enormous floating masses of ice extends to that 
depth. When, therefore, the mud might be carried 
so far, I see no reason why it may not be carried 
from the Equator te the Pole by this influence. 

I will now offer a few observations on the infer- 
ences which maybe deduced from those fossils found 
in the ancient rocks, concerning the state of the 
globe at those very remote periods. Even the most 
trivial circumstances derive a great degree of inter- 
est from their mere antiquity — they become conse- 
crated, as it were, by time. Those who walk in 
the streets of Pompeii will look with the deepest 
interest and the most lively curiosity upon the 
mere ruts left by carriages eighteen hundred years 
ago, which are now as distinct in their impressions 
as if they had rolled there yesterday: they will 
leok with pleasure and interest on the scribblings 
in Greek of the soldiers, on the walls of the bar- 
racks, in this ancient city, which has remained bu- 
ried under volcanic ashes since so remote a period. 
How much more interest will the naturalist feel 
when he examines the remains of creatures be- 
lieved to have flourished on the earth — in water or 
on land — thousands of years ago — as he finds them 
in these rocks we have been considering. 
D 



Let us, then, endeaver to draw some inferences 
from the study of these animals, repecting the state 
of the planet where they lived — how far it was sim- 
ilar to, different from, that in which it now exists. 
Take first the invertebrated, and then the verte- 
brated animals. Here upon the table are the re- 
mains of Trilobites, of which there is a prodigious 
number in this country. It is an extinct form of 
Crustacea — believed to be of the same form as that 
of the crab and living lobster, but of a genera now 
extinct. They are very characteristic of the an- 
cient rocks in Europe and Asia : but they are nev- 
er found in the newer rocks; Examine the eye — 
for it is a singular circumstance that the eye of 
some of these creatures is preserved in a most per- 
fect manner in the fossil in the mud in which it was 
buried. You find that some species have a hemi- 
spheric eye — sometimes placed upon a pedal. — - 
Here is represented one consisting of a great num- 
ber of facets; the living dragon fly has no less 
than 14,000 facets upon each eye. Some of the 
living Crustacea have a great multitude, and, to 

some extent they are analagous to the ancient 

These were intended- — as we know by reasoning 
upon the habits and structure of living species near- 
ly analogous — to enable them to see horizontally 
by these lenses. The facets are set so as to look 
in all directions except one whicn is supplied by 
the hemispheric form of the other eye. Hence it 
has been justly observed by Dr. Bucklanb, from 
an examination of optical laws and the eye of the 
extinct animal, that we see there was the same 
relation of light to the eye, and of the eye to light 
at that remote period as now exists in every spe- 
cies. The ocean must then have been transparent 
as it is now ; and must have given a passage to the 
rays of light, and so with the atmosphere ; and 
this leads us on to conclude that the Sun existed 
then as now, and to a great variety of other infer- 
ences. 

If we turn to vertebrated animals, therefore, vre 
have several species of fish, of which the parts 
found were called Ichtkyodorulite before they 
were aware of their origin. It was supposed that 
they were some part of a fish, but they are now 
known to be portions of the first spine or darsal 
fin, of the genus of fish, like the living genera 
called Cestracion. A tooth in the jaw of a differ- 
ent species has been found in England in the upper 
part of the Siberian series. In this country geolo- 
gists have traced the existence of analagous specie* 
of fish a step lower. In several of these subdivis- 
ions there have been found remains, but never ver- 
tebras, nor ribs, or other parts of the skeleton; but 
bony tubercles, &c. by which Mr. Agassiz has 
shown that they all belong to a cartillaginous fish, 
like the sturgeon ; in which the external parts are 
bony, while the parts which in others are bony in 
these are soft ; something like the Crustacea. — 
Still they are as perfectly vertebrated animals as 
any others. 

What is implied here in the existence in the rocks 
from this remote period of these creatures is, that 
they may yet be traced back to an organic begin- 
ning. We find here a type of vertebrated animals 
— not of a high order, not yet fully developed, nor 
yet ef the lowest oeder. They have the vertebral 
column, with the spinal marrow terminating in the 
brain ; they have organs of motion in the orbit of 
the eye. There must, then, have been vision, lo- 
comotion, circulation of the blood, a nervous ays- 
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tern — in short, we have sketched ia this vertebrated 
animal of the earliest period a great outline of the 
very skeleton which now appears in reptiles and 
mammalia, and in man himself; and this acquires 
the highest interest when we find this first outline 
of that plan of organization already in existence, 
destined, after modification at different periods, 
to reappear in the inferior animals, and in man 
himself. 

It has been a subject of marvel and of incredu- 
lity to many to account for the existence of so many 
races of animals and plants which are now extinct, 
■which all preceded the creation of man on the 
Earth. It is often asked for what purpose could 
they have flourished; and this difficulty arises from 
the habit in which we are too apt to indulge, of 
imagining that all the works of nature are pro- 
duced either to satisfy the wants or to minister to 
the instruction and amusement of man. But those 
■who take a wide and philosophical view of the pre- 
sent state of the creation must meet with the same 
difficulty. Look at the animalcule in a drop of 
"woter, and you might put the same question: Why 
do these exist in such myriads, of which nearly all 
are invisible ? Look, too, at the thousands of shells 
andotherfishwitbwhichthe wholeecean teems, and 
whieh do not come under the knowledge even of 
the naturalist. When this question presented itself 
to the mind of our great Poet, in the exercise of 
his high imagination, he sees that beings might 
have looked over the world, though unbeheld by 
man. He even says that 

' Millions of spiritual creatures walk this earth, 
Unseen, both when we wake and when we sleep,' 

and had the existence of these countless creatures 
been known to him he might have imagined that 
they lived and moved under the eye of spiritual 
beholders, though man were not. And certainly 
the light now cast upon these periods by Science 
makes them as wonderful and sublime as could 
the imagination of him or of any othor poet. For 
we find that these creatures, in such multitudes, 
and in such varieties, existed upon the Earth for 
ages, then disappeared — dying and giving place to 
other races which likewise for a time inhabited the 
globe. But they t«>o perished, and then came the 
period of vegetation — of coal ; and all the crea- 
tures that before lived and flourished in the water 
gave place to other and new varieties. So suc- 
ceeded many ether changes — each greater than 
the first in the catalogue. Yet through all these peri- 
ods of stupenduous changes we find the same per- 
fect unity of plan — the same infinite wisdom — the 
same great outline of organization. Throughout 
the whole universe and in all these ancient periods 
of the Earth's formation we see the same great 
laws prevailing — those laws of organic and physi- 
cal life which govern all the revolutions of the ani 
mal tribes ; at length we find superadded to these 
other osteological and physical organs ; yet the type 
re-appears not only in the inferior animals but 
linked with the intellectual and reasoning powers 
of man; and we find him by the power of those 
thoughts that 

1 wander threugh eternity,' 

taking a retrospect of all these great periods — ex- 
amining their characters, one after another, until 
he arrives at the remotest period of animal exist- 
ence and finds himself able to study their history 
and the character of their organization. Nor has 
he merely the power to decypher these records ; 



but an exhaustible, infinite store of such memo- 
rials have been written upon the great rocks and 
placed, for his instruction, in the solid framework 
of the globe. 

When I speak of the laws that govern these- 
successive changes, I am aware that some persons 
look upon the idea, that such revolutions in the or- 
ganic world are governed by laws, as favoring the 
doctrines of the Materialist. But we may regard 
these laws — when given either to the animate or 
inanimate world — as exponents fully to express 
the will of the Supreme Being. A law cannot be 
referred to any thing material; it belongs not to 
the material creation ; it is higher than the world 
of matter — it is spiritual in its essence and leads 
us up to the contemplation of one Immaterial ancp 
Spiritual Lawgiver. 

But I will not dwell longer upon this subject, but 
pass to one more strictly geological ; to the con- 
clusions which we draw from finding the older 
rocks in a horizontal position. It is striking to 
find in Europe, in great parts of Russia, in Swe- 
den and in this country, these ancient strata in 
their original horizontal position. As to the man- 
ner in which whole portions of the cou ntry have: 
been carried away and left great cliffs behind, I 
shall speak more fully in my next lecture. Yoa 
may observe one strata resting on another on a 
level ; and this may. be owing to the depression of 
the sea, which has left them .exposed, or, as I be- 
lieve nearly all agree, thai the beds themselves 
have been greatly lifted up oat of the ocean and 
raised to their present hight, where they remain in 
their horizontal position. It is thought by some 
that there have been alternate periods of repose 
and violence all over the earth; but it may be laid 
down as a rule that the more ancient the rock the 
greater is the disturbance that has been suffered ; 
because in the first periods the convulsi ens were 
more violent than those which occurred at a late 
epoch. 

But whether we adhere or not to the opinion 
that there has been a great series of alternations — 
periods of violence and convulsion followed by 
long eras of tranquillity — one thing is certain, that, 
from the earliest period, we have no record of one 
such epoch — no knowledge of any such dissslution 
of strata — no such paroxysmal convulsion in the 
crust of the globe ; and had there been any such 
occurrence, it would not be possible now to find 
the ancient fossiliferous rocks in their original po- 
sition. As to the fact, it is true, that in general 
we find the older rocks have undergone the great- 
est convulsions j and this will be quite intelligible 
if we refer them to volcanic forces which always 
shift their points of principal developement. — 
There have been volcanoes, as I stated in one of 
my early lectures, in districts where they are now 
extinct — and where there is left no vestige of vol- 
canic explosions. After a long period of disturb- 
ance and convulsion the fires were spent, and then 
succeeded a period of tranquillity. It may be 
shown, too, that in former periods there were mere 
volcanoes than during the more recent; and, 
therefore, if we suppose a shifting of the principal 
points of developement, which were near the sur 
face and attended by earthquakes, it would follow 
that in time they would extend over a great part 
of the Earth's surface, and we should find, as is 
the fact, in the more ancient rocks greater conv«l- 
sions undergone. I Bhould infer from the exami- 
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nation of all the districts in which these phenom- 
ena may be observed— from Iowa to this sectioti 
and so through the Northern parts of Europe and 
Asia — that during all the successive periods there 
had been prodigious volcanic action ; and that the 
areas of the volcanic districts during any one pe- 



iod had been limited to comparatively small por- 
tions of the surface of the earth. 

With this observation I will conclude my pre- 
sent lecture ; and in my next return to the consid- 
eration of the Niagara district. 



LECTURE VII. 



RECESSION OF THE FALLS OF NI- 
AGARA. 

You will have learned from what I said in my 
last lecture respecting the relative position and the 
age of the different rocks of which the Earth's 
crust is composed, that the rocks of which the 
Niagara district is composed, and of which I then 
said something, belong to a period of great anti- 
quity in the Earth's history. Below them is only 
one stratum in which maybe observed traces of 
fossiliferous remains, and we may regard this 
group of rocks as the most ancient respecting 
which we have any authentic information. Though 
we are in the habit, therefore, of calling this the 
New Word, from the great developement of an- 
cient rocks and the remarkably perfect state and 
the richness of their fossils, it is to this New 
World that the geological antiquary is compelled 
to resort for a knowledge of the most ancient 
rocks. Not only the pyramids themselves, but 
even the lime-stone rocks out of which the pyra- 
mids are built, are things of yesterday compared 
with the ancient rocks found in this State of New- 
York. The rock of which the pyramids are made 
belongs to the upper part of what is called the 
Secondary series ; the primary being the lower 
and formerly supposed to be older than any that 
contain fossil remains, though we now know that 
this is unfounded, and that they are igneous rocks 
that have come up at different periods. The fos- 
siliferous rocks, however, were named Secondary 
as being supposed to be newer than the Primary. 
When some other fossiliferous strata were discov- 
ered in Germany — rocks with but faint traces of 
organic remains — Werner, requiring for them 
some new name to distinguish them from both the 
others, called them Transition rocks, because they 
seemed to form a passage between the crystalline 
primary and the earthy, uncryatalline, secondary 



rocks of Germany. In the first were found no or- 
ganic remains, while the latter teemed with them. 
But Werner went farther, and, finding that the 
primary and transition strata in the district he ex- 
amined were highly inclined, while the newer fos- 
siliferous rocks were horizontal, he named these 
jlotz orjlat rocks. His nomenclature would then 
run thuB 

Horizontal, 
Transitive, 
Secondary. 

" A strange transition this," says an eminet Eng- 
lish geologist, " from primogeniture to horizontal- 
ly;" and in fact its strangeness is not its only ob- 
jection ; for, as I told you in my last lecture, the 
fossiliferous rocks are, in many districts, no more 
horizontal than the transition rocks ; and this 
maybe seen through this country to Iowa— through 
northern Russia and Sweden. The others are not 
vertical there, as Werner found them in parts of 
Germany- 

The appellation of Silurian has been given te 
these rocks by my friend Mr. Murchison, be- 
cause they characterize the ancient district of Si- 
luria in Wales and on the borders of England. We 
have therefore in this Niagara district a country 
composed of the most ancient rocks yet discov- 
ered in the Earth's crust, and yet rich in organic 
remains. I have here a map of the district be- 
tween Lake Ontario and Lake Erie. You see rep- 
resented the Protean group, as it has been named 
by Mr. Vanuxem, and above that is a bed of soft 
shales some eighty feet in thickness, and upon the 
top of that is the Niagara lime-stone. That lime- 
stone extends for seven miles from its termination 
in the escarpment to a po4nt near the rapids. The 
River Niagara flows out of Lake Erie in a tranquil, 
lake-like state, and runs gently along all the way 
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by Grand Island, being on a level with Lower Can- 
ada on one side and New-York on the other. So 
nearly level is it that were the river to rise thirty 
feet, a considerable district of country on its bor- 
der would be under water. From Lake Erie to 
the rapids — a distance of sixteen miles — the fall of 
the river, I believe, is not more than twenty feet ; 
80 that it quite resembles the expansion of an arm 
of Lake Erie. The hight of Lake Eiie above the 
level of the sea is 565 feet; its hight above Lake 
Ontario is 334 feet. This fall is divided first into 
■the fall of twenty feet in the sixteen miles from 
Lake Erie to the rapids ; then comes a fall of forty 
feet in half a mile at the rapids; at the Falls it 
plunges at once 164 feet; then, between the base 
of the Falls and Lewiston, a distance of seven 
miles, it rHshss rapidly along and falls 101 feet. 
It is evident that all attempts at representing the 
beauty and grandeur of this scene by any drawing 
must be perfectly unavailing. I have endeavored 
in this sketch to give you a notion merely of the 
geological situation of the country. It will of 
course seem to those acquainted with it m«st inad- 
equate and in false proportion ; but it must be re- 
membered that it is a bird's eye view — such as you 
would actually get if you were raised above it in 
a balloon. The first idea of this drawing was 
suggested by Mr. Bakewell, son of the eminent 
English geologist of that name, who visited the 
falls ten or twelve years ago. He published his 
drawing in the Gentleman's Magazine. On my 
arrival in this country, I considered in what man- 
ner I could introduce into his view the geological 
structure of the country . and being able to make 
myself master of the rocks in that region, by hav- 
ing Mr. Hall, one of the State Geologists, for a 
traveling companion, sooner than I could otherwise 
have done, I prepared such a one, which has been 
copied, as you how see it ,by Mr.jRussel Smith of 
Philadelphia — who, though unacquainted with the 
country, entered so completely into the conception 
that he has given an excellent representation of 
its prominent geological features. 

Three miles below the Fall is the Whirlpool; 
and just below that is a deep ravine, called the 
Bloody Run, from an Indian fight which occurred 
there : there is also another ravine some ten miles 
below, of which I shall have occasion to speak. — 
The first feature which strikes you in this region 
is the Escarpment, or line of inland-cliff, one of 
which runs to a great distance East from Queens- 
ton. On the Canadian side it has a hight of more 
than 300 feetj The other is found at the junction 

•of the Black Rock of Buffalo with the shales 

and gypseous marls, as they are called. I shall 
not stop to describe mineralogically these various 
groups. They are sets of soft marls which contain 
gypsum and so much salt that they are often called 
saliferous gypsums. 

The first question that occurs when we consider 
the nature of the country is, how the cliffs were 
produced: why do we so suddenly stop from this 
range to the gypseous marks and then as suddenly 
to the subjacent Bhale and sandstone ? We have 
similar lines of escarpment in all countries, espe- 
cially where the rock is limestone ; and they are 
considered to be ancient sea cliffs which have be- 
come more gentle in their slope as the country has 
emerged from the ocean. If we examine what is 
now going on on tbe sea side, and reflect what 
would happen if the sea cliffs should be raised up 



as the country around was gradually raised (for I 
trust you are now familiar with this notion of up- 
heaval) you will readily see how these escarp- 
ments are formed. There aje similar appearances 
at Boulogne, in France, where we have alternate 
beds of limestone and clay, and between the base 
of the cliff and the present sea shore, (for the sea 
has evidently retired half a mile,) we see the 
edges of the strata cropping out between high and 
low water mark. Fifty years ago this cliff was 
3,000 feet high, as we see from its present posi- 
tion. I have myself seen frigates floating in 
places where we know historically that land ex- 
isted but a few years since. The waves have 
beaten against the base of the rock, and broken 
off fragments which have fallen down and been 
swept away by the tide in the shape of mud and 
pebbles, until a whole yard of the coast has given 
way in a single year. In the course of time a con- 
siderable portion of the rock is swept away. The 
shale and sandstone would thus be swept away, and 
the formation of the inland cliffs woulsl be easily 
accounted for. 

You may perhaps ssk if the Ontario may not 
once have stood at a higher level and the cliffs 
have been produced by its action instead of that 
of the ocean. Some of you may have rode along 
the Ridge-road — as it is called — that remarkable 
bank of sand which exists parallel, or nearly so, 
to the present borders of Lake Ontario, at a con- 
siderable hight above it. I perfectly agree with 
the general opinion respecting this : that it was 
the ancient boundary of Lake Ontario. In some 
parts of it fresh water shells have been found.— 
You cannot explain the escarpements by the aid of 
the action of the lake, for it extends farther and 
not in the same direction. It may be traced to 
the Hudson River, and is not peculiar to any lo- 
cality; but may be traced in all parts of the globe. 
When the land emerged gradually from the sea, 
as it is now doing, the sea would naturally create 
these sea cliffs, and during the upheaval they would 
of course become inland. In Europe proofs that 
Iimestene rocks have been washed away are abun- 
dant. In Greece in the Morea this is especially 
conspicuous. We have there three limestones one 
above the ether at various distances above the sea. 
Along the line you may see literal caves — worn 
out by the action of the waves. In many of them 
are fragments of the limestone which have fallen 
down and are perforated by the lithodomi, and you 
can find among them shells of the Strombus, and 
various kinds of shells. The action of the salt 
spray which has also effected a sort of chemical 
decomposition, is also easily to be observed. So 
completely is this the case with each of these lines 
that you cannot doubt for an instant that here is a 
series of inland sea-cliffs; and this phenomena 
being so certain in the Morea kads us by analogy 
to infer that these escarpements of the Niagara 
district were produced by a similar cause. 

Other proofs of this denudation exist in the sur- 
face of every country, and especially in the coal 
district^ of England. There in the coal field of 
Aihby de la Zouch in Leicestershire you see coal- 
beds pushed up 500 feet higher on one side than 
they are on the other — or there has been a letting 
down of the other side. This is called by the mi- 
ners a fault. You would expect to find a corres- 
ponding inequality in the surface; you would think 
you ought to find aline of hills 500 feet high; but 
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there is none. The whole mass has been carried 
away, and the surface is as smooth and unbroken 
as in any other part of the ceuntry. In this way 
we can see that thoasands of feet of earth must 
have been removed for an extent of twenty or 
thirty miles. When we examine the subterranean 
structure of the country we find proofs of such a 
denudation ; and this it may be said has occurred 
in the Niagara district, either forcing up the cliffs 
or letting down the lower country between the 
base of the escarpement and Lake Ontario. But 
an examination of the country will satisfy you that 
the cliffs could not have been thus produced. The 
rocks are continued on the other side. There are 
first the 150 feet of shale, then 25 feet of white 
limestone and then the gray and mottled lime- 
stone, giving three great divisions and a great 
number of subdivisions, in which the beds can be 
traced and described by their organic remains.— 
If these cliffs were produced by a fault, as in Eng- 
land, the beds would not be found upon the oppo- 
site side. 

But, without dwelling longer on this deaudation, 
I must pass to the more immediate subject of the 
present Lecture. I have endeavored to show that 
these lines of escarpment were originally sea-cliffs, 
formed when the district was gradually emerging 
from the ocean. It is not disputed that there is 
some change going on at the Falls even now. 
There occurs, as we know, occasionally a falling 
down of fragments of rock, as may be seen in Goat 
Island. The shale at the bottom is destroyed in 
consequence of the action of the spray and frost — 
the limestone being thus undermined, falls down — 
and it has been believed that in this way there has 
been a recession of fifty yards in about fortyyears; 
but this is now generally admitted to have been 
overstated. There is at least a probable recession 
of about one foot in a year; though part of the Fall 
may go back faster than this, yet if you regard the 
whole river even this will probably be something of 
an exaggeration. Our observations upon this point 
are necessarily imperfect; and when we reflect that 
fifty years ago the country was perfectly wild and 
inhabited by bears, wolves, and here and there a 
hunter, we shall think it surprising that we have 
any observations at all, even for such a period back. 
We have an account of the Falls, given in 1675 by 
Father Hennepin, a French Missionary, who gives 
an exaggerated description of them, and yet one 
which is tolerably correct. He published with his 
Travels a plate representing the Fall ; but it greatly 
exaggerated its hight compared with its width. He 
describes Goat Island just as it iB found now. He 
estimates the hight of the Falls at double what it 
actually is, which, after all, remembering that he 
did not measure them, is not so gross as might ap- 
pear; and any one who has witnessed them will 
readily excuse him for having given way to a little 
exaggeration in attempting to describe the grandeur 
and magnificence of the scene, without the slightest 
intention to deceive. 

As you will see by this copy of his picture, he 
represents a cascade as falling from the Canada 
side across the other two. He says that between 
Lake Erie and Lake Ontario there is a vast and 
wonderful waterfall : after speaking of this he says 
that there is a third cascade at the left of the other 
two, falling from West to East — the others falling 
from South to North. He says in another place : 
' I wished a hundred times some one had been with 
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me who could describe the wonders of this frightful 
fall.' He several times alludes to .the third cascade, 
which, he says, was smaller than the other two. 
Now those who consider that because Father Hen- 
nepin gave the hight of the Falls at 600 feet small 
value is to be attached to his testimony respecting 
any part of the country, do him injustice. I think 
it perfectly evident that there must have been such 
a third cascade, falling from West to East, as that 
to which he alludes. 

A Danish naturalist, in 1750, came to this 
country, and visited the Falls, of which he has 
also given us a description, which was published 
in the Gentleman's Magazine in 1751. He also 
gives a view of the Falls. In its general features 
his description agrees well with that of Father 
Hennepin. He went seventy-three years after 
bim, and there was then no third cascade. But 
the point where Father H. had put this cascade 
be has marked, and says that ' that is the place 
where the water was forced out of its direct 
course by a prodigious rock which turned the 
water and obliged it to fall across the Falls.' 
He goes on to say that only a few years before 
there had been a downfall of that rock, which 
was, undoubtedly, part of Table Reck — and after 
that the cascade ceased to flow. Now, it does 
not appear whether he had ever seen Hennepin's 
account or notes. He only mentions the fact that 
there had been a third cascade; and it is a striking 
confirmation of the general accuracy of Father HeH- 
nepin's description. We find these two observers;, 
at an interval of seventy years apart, remarking on 
the very kind of change which we now remark as 
having taken place within the last fifty years ; an 
undermining of the rock, and a falling down of the 
limestone, and a consequent obliteration of the fall. 
Every one who has visited the Falls, on inquiring 
of the guides about the changes that have taken 
place, may have been told that the American Fall 
has become more crescent-shaped than it was thirty 
years ago, when it was nearly straight. The centre 
has given way, and now there is an indentation of 
nearly thirty feet. The Horseshoe Fall, also, has 
been considerably altered. It is not of so regular 
a crescent shape as formerly, but has a more jagged 
outline — especially near Goat Island; it has less of 
the horseshoe-shape, from which it derives its name, 
than when it was given. 

It is quite evident that things there are not sta- 
tionary, and the great question is, whether by this 
action the whole fall has been produced in this 
manner. I have visited this year the Falls of the 
Genesee, both at Portage and Rochester, and ob- 
tained many facts, especially at the upper fall, of 
this recession on a small scale. I made like ob- 
servations at Le Roy, at Jacock's Run near Genesee, 
and in other places where it is impossible to go far 
back ; for there time immemorial is only about ten 
'years. But the people in that vicinity will tell you 
there has been a change of a few feet or yards within 
this time. Mr. Hall observed a recession of seve- 
ral feet, since he surveyed the same district a few 
years before. It is highly probable, therefore, that 
there has been an action of this sort constantly 
going on. 

From representations made by other travelers, 
I was desirous of ascertaining whether fresh water 
remains were found oa Goat Island as had been 
said : for it would' be striking if on this Island 
there should be, in a stratum of twenty-five feet of 
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sand and loam, pebbles and fresh water shells. 
They were found there, and I made a collection of 
several species of shells found on the Island ; 
among them were the Planorbis, a small Valvata 
and several other kinds. They were of genera 
found living either in the rapids, in the river above, 
or in the Lake. 

In digging a mill-race there only a few years 
since, there were found a great number of shells, 
nd also the tooth of a Mastodon, some twelve or 
thirteen feet below the surface. It was the com- 
mon Ohio Mastodon, and must have been buried 
beneath these twelve or thirteen feet of fresh water 
deposits — one layer at a time, each containing dif- 
ferent shells. In answer to my question, whether 
similar shells were ever found lower down? the 
guide said he would take me to a place half a mile 
below, where the strata had been laid open. We 
found there deposited in the rock a small quantity 
of fresh water shells, showing that this old depo- 
sition extended down to that distance. Here we 
have proof that the river once stood at a higher | 
level and in a tranquil state ; and there is every 
appearance of the rock having been like a solid 
barrier to hold the waters back in a lake-like i 
state, so that they might throw down these fresh i 
water deposites at that hight. You will understand 
this better if you consider that if the Falls go on 
receding, no matter at what rate — an inch, a foot, 
a yard in a year — in the course of time the whole 
most recede considerably from its present con- 
dition. What proof should we have of this after- 
ward 1 You will easily see that if the river should 
cut its way back to a certain point, the effect would 
be to remove the rocky barrier, the limestone of 
the rapids, which had been sufficient to pond the 
river back. But if the river cuts its way back, this 
barrier could no longer exist ; the channel would 
be deepened, and the deposites existing high and 
dry upon the land would become proof of the re- 
cession. This kind of proof we have that the 
Falls have receded three miles from the whirlpool, 
the limestone having been higher at the whirlpool 
than the river at the Falls. It may be well to say 
that the beds all dip to the South, at a rate of 
about twenty-five feet in a mile. In seven miles 
the dip causes a general rise of the platform to 
the North, so that, when at the top of the cliff, you 
are at a greater hight than the level of Lake Erie ; 
and if the Falls were formerly at Lewiston, their 
hight was probably nearly daublo what it now is. 
Mr. Hall suggested that at that time the whole 
fall was not at one place, and I think it quite 
likely that that was the case. There is reason to 
believe that one fall was upon the quartzose sand 
below, and the other on the Protean bed. The 
upper part would of course recede faster than the 
lower, because it is softer, as is seen to be the case 
at Rochester ; but the limestone becoming thicker 
and harder, would recede more slowly. There 
may have been several falls, as at Rochester — each 
one of them being less high than at present, and yet 
the whale being nearly double its present hight. 

I told you that the river fell about 100 feet be- 
tween the base of the Falls and Lewiston — so that 
the beds slope at that rate. This slope of the 
river, and then the upward slope of the platform, 
are the reasoas why the Falls now are of less hight 
than formerly. So when we carry ourselves back 
in imagination to the time when the river had not 
receded so far, we have a barrier of limestaoe | 



much higher. The valley in which the river then 
flowed must have been much narrower than its 
present ravine. The distance now from the 
Canada to the American side is about three- 
quarters of a mile, whereas half a mile below it is 
only half that widLh. Farther investigations, by 
tracing the fresh water deposites lower, will give 
more precise information. 

You might suppose that, if we find the remains 
of a Mastodon in a fresh water deposite so lately 
laid dry as that near the village of Niagara and 
only twelve feet below the surface, the Mastodon 
had lived in the country at a modern period ; you 
might think that perhaps a few centuries would 
have beeH sufficient for the accumulation of twelve 
feet of shelly sandstone and limestone, and that it 
may have been recently that this Mastodon was 
buried when the barrier was at the whirlpool be- 
fore this twelve feet of fluviatile strata were de- 
posited. Yet these strata are elder than the 
whirlpool. 

Among the objections to the supposition that 
the ravine was cut out by the Niagara, one is that 
at the place called the Devil's Hole or the Bloody 
Run, the ravine must have been cut by some more 
powerful cause than by a slight stream. But this 
I regard as no objection at all ; for on examining 
the nature of the soil, &c. I am convinced that 
even the small stream which now flows would have 
been perfectly competent to have cut out the ra- 
vine, and that we need look for no more powerful 
cause. Suppose the Falls once to have been near 
Lewiston : it would recede differently at different 
times — faster when the soft shales were at the 
base ; at other times slowly, when the hard sand- 
stone was to be cut through. First of all came the 
quartzose sandstone for a certain distance ; then 
the Falls receded slowly, but more rapidly when it 
came to the soft shales. Then comes the sand- 
stone again at the base which now extends to the 
whirlpool, and here the movement was slow. It 
probably stood for ages at the whirlpool. Then 
for another period it receded more rapidly ; and it 
is probable that for the last mile its recession has 
been comparatively slow, because the Protean 
group and about twenty feet of sandstone, making 
I about fifty feet of hard rock at the base, were to 
be cut through. It is certain that the movement 
now is at a faster rate, as the shale is exposed. 
If it recedes one foot in a year, then in about five 
thousand years it would recede a mile ; and as the 
upward slope of the bed of the river is about fifteen 
feet in a mile, and as the bed's dip to the South is 
about twenty-five feet in a mile, we must have 
about forty feet for the loss in hight of the Falls 
by the receding of one mile. Another 5,000 years 
would cause the loss of another forty feet, and then 
eighty feet would have disappeared, and the cata- 
ract would fall over a solid mass of limestone only 
eighty feet high. Thus, at the end of 10,000 years, 
when the Falls shall have receded two miles, they 
would be eighty feet high. The recession then 
would be extremely slow, as the base would be of 
solid limestone. 

But all these calculations would be easily vitiated 
by disturbing causes. Thus, by interfering with the 
body of water above the fall — by carrying them 
away, as is now done by the Erie Canal and the 
Welland Canal in Canada, we should have a dif- 
ferent state of affairs. All the water taken from 
the upper lakes, as by the Illinois Canal, &c. 
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cheats the Niagara of its waters and acts as a 
'disturbing force. Every mill-race built above the 
Falls has the same eifect : and though this may 
seem to be a trifling matter, still, in the progress 
of population and civilization, such things may be 
frequently perpetrated, and thus, in the end, have 
a serious influence. 

It has been estimated that about 15,000,000 of 
cubic feet fall over the cataract in every minute : 
this was ascertained by an engineer under the di- 
rection of Mr. RuggIes. By all the causes I have 
mentioned, perhaps one four-hundredth part of this 
may be diverted into other directions ; and this is 
certainly an appreciable quantity, and might have 
no inconsiderable effect in the progress of the re- 
cession. I only mention this as one of the disturb- 
ing causes which may vitiate all the calculations 



| of which I spoke. The movement of the whole 
country which I have before alluded to may be 

i another cause of disturbance. It is extremely 

i prshable that, during the period when the Falls 
were receding from the whirlpool, there may have 
been an upward, or downward, or perhaps an os- 
cillating movement of the whole country. This 
would leave whole cliffs exposed, as has been done 
in other localities in the St. Lawrence, of which 
you have here a representation — where columns 
of limestone are standing, perforated at different 
bights by the lithodomi. The same motion may 
have extended to the great lakes, and have affected 
this whole section of country. You will see, there- 
fore, what a variety of different causes we have to 

i regard in making any estimate of the former state 
of this District. 



LECTURE VIII. 



BOULDERS AND ICEBERGS. 



The subject of which I shall treat to-night is 
what we term the Boulder Formation, or some- 
times the Norfolk Drift. The term boulder is ap- 
plied to any large mass found resting upon the 
superficial gravel brought fiom a distance. By 
some, chiefly the writers of the lust forty years, 
this formation is called diluvial ; because they be- 
lieve that this superficial gravel, and sand, and 
mud, in which are found these rounded fragments 
of rock, have been brought thither by a rush of 
some mighty deluge, either at one time or at dif- 
ferent periods. But those who have thought that 
they saw reason to refer a large part of this to 
other causes prefer the term Drift — as not choos- 
ing to commit themselves to any particular theory 
except that which is certainly known to be true, 
that these boulders have been drifted, by some 
means or other, to a considerable distance from 
the parent recks, from which, as fragments, they 
have been torn. You have so many examples in 
this country, of these foreign rocks scattered 
through beds of sand and mud, that it is not ne- 
cessary for me to enter upon the description of 
any particular localities in Europe. If you pass 
by the great excavations that have been made for 
streets in Brooklyn, you may see some forty or 
fifty feet in thickness of what we call rubbish, an 
unstratified, confused mass of clay and sand, con- 
taining fragments of rock of various kinds. This 
may be seen near the Navy Yard, and in all parts 
of the suburbs of the city. The same kind of for- 
mation maybe seen in various parts of the North 



of Europe, as well as in different districts of this 
Continent-. In Europe, it is particularly notice- 
able in the country bordering the Baltic, begin- 
ning with Finland, and through part of Russia and 
Poland, to Pomerania, Prussia and Denmark, 
through the lower part of Sweden. The whole 
country consists of land at a moderate elevation, 
covered, to depths that have never been pierced", 
with this boulder formation, sometimes a thousand 
feet thick, and often, indeed, still more. It con- 
tains no strata; and you would become sensible, 
after having made a geological survey, how very 
rare are unstratified rocks which are not crystal- 
line, like granite. Sometimes we find the boulder 
formation, entirely unstratified, passing into ano- 
ther strata which is arranged in layers. The ab- 
sence of fossils — of organic remains — is another 
characteristic which makes it difficult to decide 
the nature or origin of this formation; — whether 
it be fresh water, formed in lakes, or a marine for- 
mation, formed in the sea — is a matter of great 
doubt from the absence of all organic remains. — ■ 
Sometimes, indeed, we have found shells and 
bones washed out of the older rocks; for, rela- 
tively speaking, this is a moderate deposite — being 
strewed over the strata containing fragments of 
them all, and occasionally of their imbedded fos- 
sils. Sometimes, too, we find them alternately of 
stratified and unstratified rocks. 

In tracing along this remarkable deposite 
through the borders of the Baltic, we sometimes 
find fragments of rock which must have traveled 
hundreds of miles from their point of departure, 
and, as a general thing, we shall find that they 
grow larger in size as we approach the region 
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from which they were derived. This I found to 
be the fact in going north from the margin of the 
Rhine to Holstein, and Denmark, where I found 
fragments of Scandinavian rocks, in Sweden nine 
and sometimes forty feet in diameter ; and at last 
the whole country was made up of these rocks. — 
Thus by tracing the stream along, we shall find 
that as it diminishes in size the stones continually 
diminish in their individual dimensions. This 
may be seen any where between the Thames and 
the Tine, and by following it out in any region you 
will become convinced that there has been a gen- 
eral drift from the north. You may travel for 
eight or nine hundred miles over the plains of Rus- 
sia, and you will find these Erratics, as they are 
called, associated to such an extent with the rocks 
in the neighborhood, or immediately subjacent, 
that they have acquired the color and mineralogi- 
cal character of the rocks of each country, if, 
for example, you trace the boulders to the red 
sandstone of New Jersey, you wiil find them red. 
So at Brooklyn, you will find that in great part 
they are red. Yet here in the red base you find 
scattered fragments of the trap of the Palisades 
huge masses of granite from the Highlands, and 
some of the green serpentine of Hoboken, all 
mixed together, and yet the whole reddened by the 
colors and marked by the character, of the adjoin- 
ing sandstone. So in Europe, the boulders are 
white in the chalk of Scandinavia; black in the 
carboniferous formation near Edinburgh, where 
the bituminous shale of the coal formation enters 
laTgely into their composition. Sometimes you 
find them entirely angular, as if they had not suf- 
fered any of that mechanical rubbing against ad- 
joining rocks, or against each other, which has 
perfectly rounded other masses equally large. — 
Some of these are so large that it is difficult to 
imagine that any force of water, which is the agent 
usually assigned, could be sufficient to roll them 
over and over as is necessary. Take some of the 
gneiss for instance : the edges ofsomehuge masses 
have been cut off, so that the whole is as perfectly 
rounded as any of the smaller pebbles. Often- 
times, too, these huge boulders have been carried 
across seas — as from the Scandinavian rocks to the 
south side of the Baltic. We have them too, 
perched upon the Jura peak3, having evidently 
been carried from the higher Alps over a valley fifty 
miles wide, and deposted upon fossiliferous lime- 
stone rocks, which have nothing in common with 
those of the Alps. This is the kind of appear- 
ance which has so perplexed Geologists, and to ex- 
plain which, shall be one purpose of this evening's 
lecture. 

I will first, however, allude to one other appear- 
ance which distinguishes the boulder formation. — 
When it rests upon hard rocks— rocks which are 
capable of taking and retaining a polish — rocks 
which have not wasted away by disintegration — 
we find, upon removing the sand, &c. the solid 
rock below sometimes polished so as almost to 
answer the purpose of a looking-glass ; at other 
times we find it scattered and ridged with long 
parallel stripes, perfectly straight for hundreds of 
yards, and sometimes for a quarter of a mile, sc- 
casioiaally deviating from being parallel to each 
ether, but still retaining the same general direc- 
tion from nerth to south, or sometimes 20 or 25 
degrees toward the east or west of that direction. 
This is evidently a common characteristic of these 



erratics; and any theory advanced to explain them 
must comprehend that appearance. 

Another grand, fact which is now established 
respecting their geographical distribution is, that 
they are found in the Northern Hemisphere, both 
in Europe and this country, extending from the 
poles, and they diminish in quantity as they ap- 
proach the warmer and equatorial regions, and at 
length disappear when we come near the tropics. 
We, find them in Europe from the north of Sweden 
and Norway to the coast of England, in latitude 
50°. We find them here still farther south , but 
the Long Island deposite is one of the last grand, 
deposites, and that on the Susquehanna is, I be- 
lieve, the most southerly; and in traveling toward 
Georgia, or even on the James River and the Po- 
tomac, you will be struck with the absence of 
these large erratic fragments. It is the same in 
Russia, in traveling fiom north to south ; and it 
is only when there is a chain of mountains like 
the Airs, in latitude 46°, that any exception is 
observed. From these mountains, as from the 
Jura chain, these boulders Beem to radiate as from> 
a centre. Yeu may see them traveled to Lom- 
bardy and toward the Italian side. Even in the 
Grampian mountains of Scotland, you may see 
them scattered over the hills on every side ; so 
also wirh the small Cumberland chain. Thus, 
mountain chains seem to have exerted the same 
kind of influence as the poles ; for this general 
theory is found to be true, not only of the north 
pole, but also of the south. When you pass from 
the southern part of the United States through 
Mexica t« Peru, at Quito you find no boulders, 
except at the foot of some mountain chain where 
we may easily suppose the melted snow and other 
causes sufficiently obvious, account for their pre- 
sence. Passing to Chili, it is not till you reach 
latitude 41° that you begin again to meet these 
boulders, and then they continue to increase to 
Terra del Fuego, where they ere as magnificent in 
their developement ts in New England or in 
Sweden. 

Another very remarkable appearance in regard 
to the stratification of this formation, is the con- 
tortion and disturbance of some sf the beds. In 
parts of the Btrata in Scotland, for example, you 
find masses of the unstratified boulder with peb- 
bles below of various kinds, as fragments of gra- 
nite, gneiss, <fee«, in which parts shall be twisted 
so that a vertical section would pass through the 
same bed three times. You find alternate layers, 
first pebbles of a particular kind and color ; then 
sand, then loam, and then gravel — all loose, but 
so that you may trace the same bed for several 
yards, one layer being deposited above another in 
a nearly horizental position; and we find them 
sometimes folded together — bent back upon them- 
selves. This appearance was of a most perplex- 
ing kind, and evidently implied a lateral thrust by 
which the pliant beds were brought into the folded 
position, though those below had suffered no dis- 
turbance. 

In some cases we have a mass of chalk resting 
on another bed, in wbichone has been pushed out 
of its original position, and the gravel and sand 
folded around it. In other cases, as in part of the 
northern coast of England, for twenty miles this 
unstratified till, as it is locally called in Scotland, 
is covered with a layer of horizontal loam in which 
are curved strata. This folding and bending of 
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tile beds in a circle sometimes, has been effected, 
and the horizontal layers below are not all dis- 
turbed ; so that it cannot be a motion from below 
which has caused it — a subterranean upheaval or 
subsidence, which I have before explained, caused 
by volcanic action, by which we explain mountain 
chains, &c. This cannot be introduced here, be- 
cause in that case the lower beds would have been 
disturbed as much as the higher. This may be 
seen in the section laid open in Brooklyn ; none of 
the contortions there have been so violent as some 
on the Norfolk coast of England and Scotland; but 
the same general disturbances may be observed. 

As to the age of these boulders, you find them 
both here and in Europe, standing over rocks all 
of the most modern tertiary strata. I had an op- I 
portunity in Sweden of showing how modern some j 
of the earatics are, by finding fragments of gneiss 
sixteen feet in diameter, resting upon a layer of 
sand ; then came a bed of blue marl, containing 
an immense number of shells of the eatable mus- 
cle, from which the blue color of the marl is de- 
rived. That muscle is now a living species in the 
Baltic, and is found at Upsala, near the ancient 
University. Several other shells are also found 
peculiar to the Bailie. The water of the Baltic 
contains only one-fourth part as much salt as the ; 
water of the ocean ; and the shells found in its | 
brackish waters, though not of different species 
from those of the ocean, are yet of a dwarfish 
form, atad of a different shape from those that live ; 
in the sea. There are also found fresh-water shells i 
which have been brought down by rivers. We 
may observe, then, how very modern is the trans- 
portation of some of these blocks ; for not only 
do we trace them to the times when those species : 
existed the same as those which now live, but 
when they lived placed under those geographical 
relations which have modified the character of the 
waters. 

I do not say that they are all as modern as that, 
for some of them contain shells that are partly ex- 
tinct, or at any rate which do not live in the same 
region. In the St. Lawrence Capt. Bayfield 
came across boulders containing a small assem- 
blage of shells which he sent to me many years 
ago ; and Dr. Beck, a Danish Geologist, observed 
that there were fauna more ancient than those 
from the Baltic, which I received at the same 
time. There was a small number of species pecu- 
liar to the Southern regions, and the same as are 
chiefly found in Greenland and other districts near 
the Pole, as if the country had formerly been 
colder and the boulders had been dropped down 
by icebergs ; for Capt. Bayfield frequently saw 
immense rocks carried by icebergs and let down, 
deposited with strata containing shells the same as 
those I spoke of in treating of the Niagara dis- 
trict. Thus we arrive at the conclusion that this 
boulder formation is one of the most modern de- 
posites, geologically considered — sometimes ex- 
tremely modern, and in other points ascending a 
little higher, just to the period when the same 
shells existed, nearly all of them belonging to liv- 
ing species : the newer Pliocene period as I have 
before designated the era — when perhaps 90 out 
of the hundred shells found are of living species. 
Down to the latter part of this newer Pliocene pe- 
riod it appears that these erratics extend. We 
have to account then for this formation being of 
such vast thickness and unstratified; for rocks ) 



having been transferred hundreds of miles over 
lakes and "valleys ; for their being nearly non-fos- 
siliferous; for their being found chiefly in the Arc- 
tic and Antarctic regions or near mountain chains; 
and to explain how they are so often found con- 
torted and disturbed while the strata they overlie 
are still horizontal. 

In the hope to explain the greater part of these 
phenomena, I propose first to treat of Glaciers 
and then of Icebergs. You are aware that in lofty 
mountains, especially in the high latitudes, the 
snow never disappears during the whole year. — 
There is constantly falling snow which the summer 
heat is never sufficient to melt; and in Switzerland 
where the Alps are three miles in hight above the 
level of the sea, although in latitude 46°, their 
peaks are covered with perpetual snow ; which 
comes down '"and fills the valley for ten or fifteen 
miles : then this ice becomes consolidated, being 
melted during the day and frozen in the night — so 
that it is pushed down toward the valley to a point 
3,000 feet above the level, where the heat becomes 
so great as to arrest its progress, and it melts, 
and gives rise oftentimes to a considerable stream 
of water. The cause of the motion of these gla- 
ciers has been a matter of considerable controvesy. 
Gravity is admitted on all hands to be one consid- 
erable cause. It is suggested by Saussure, and 
by the earlier writers is believed to be the princi- 
pal cause; but this is denied by M. Agassiz in the 
history of his late exploration of the Alps. That 
this snow, if it goes on accumulating upon the 
monntains which are so steep, will byits own grav- 
ity fall down, is unquestionable. You see this to 
be the esse in avalanches, as they are called — 
sliding down of large masses of snow in warm 
weather, which continues until the valley is choked 
by this descending mass, which crushes the trees 
and vegetation that lie its path. These become 
of such enormous size that they are sometimes 
100 to 200 feet thick, and in particular places 500 
sr 600, though it is supposed now that 120 or 180 
feet expresses their average depth. In Switzer- 
land, where the glaciers of the Arve, the Lauter 
Arve, and the Shrecken meet, the former being 
merged in the other, along the middle is a remark- 
able ridge of rocks — many of them angular and 
some rounded. Now the first question is, how 
came these blocks in the middle of the valley 
where it is two or three miles wide. The glaciers 
descend from the region of perpetual snow to a 
hight of, say S.000 feet above the level of the sea. 
How came all these rocks in the middle? You 
might imagine that from the steep sides there 
would be fragments detached. Avalanches might 
cause this, or frost penetrating the rents and freez- 
ing the water, would occasionally force them out 
and cause the roeks to descend. Sometimes light- 
ning strikes the Alpine peaks, and shivers off 
large masses of rocks which descend. So that 
we should not be puzzled to find along the base of 
lofty cliffs, two, three or four thousand feet high, 
these fragments of rock. This would be perfectly 
intelligible. But how should they get into the 
middle of the valley, and why are there five dis- 
tinct parallel ridges of these stones? Saussure 
was at first completely baffled in accounting for 
this. But having once found the explanation, it 
was so easy that it became surprising hew it could 
have been missed. 

Prof. Agassiz found in exploring the higher re- 
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gions that this was a necessary consequence of 
the junction of the two glaciers. It is easy to see 
why these lateral moraines, as they are called, 
should exist — the rocky fragments being deposited 
along these glaciers by their rubbing against the 
sides of the mountains. But suppose one of these 
immense masses of ice to be descending the val- 
ley of the Arve ; and here comes a ' tributary to 
join it from the Lauter Arve — the rocks instead of 
being deposited in lateral moraines by rubbing 
agninst the mountain sides will be brought into 
the middle of these two frozen rivers, thus form- 
ing a central or medial moraine. Now as the gla- 
cier moves along, (and in a hot day you may see 
the motisn daily — although an inch, or perhaps 
half an inch an hour would be a rapid movement,) 
— you may see sometimes fragments falling down, 
rubbing one against the other, and great rents 
often traverse the ice with a ncise like thunder. — 
By this rubbing against the sides of the mountain, 
the rocks become rounded. Many of the frag- 
ments fall through the fissures to the bottom, and 
some are caught in the middle — the fissure pene- 
trating only twenty or thirty feet. Sometimes, 
however, they fall to the bottom, and then the ice 
resting Hpon them grinds them along the rock, 
which becomes polished — those at least capable of 
receiving a polish — and scratched and furrowed 
as we afterward find it. All this may be seen by 
the occasional melting back of the glacier. So at 
the termination of the glacier it presents a beauti- 
ful green arched cavern, out of which a torrent of 
water rushes down the valley. Frequently the 
glacier melts back from the extremity, and thus 
gives an opportunity to see what has taken place 
under it, and you will find the bottom oftentimes 
most beautifully polished. In some of the bould- 
ers you will find quartz pebbles, and these have 
scratched and made furrows upon the limestone 
and other rock along which they have moved — 
just as a diamond scratches glass. In other places 
you will find still deeper furrows nearly parallel 
to each other. You will also see — as I have had 
occasion to refer to the prodigious power of these 
ice mas3es — rocks that have been ground down to 
the finest impalpable powder; and nothing can 
exceed the fineness of this mud which is formed 
from the powder thus produced by these masses of 
ice one or two hundred feet thick, equal in weight 
to five and twenty or even fifty feet of solid rock. 

The downward motion of the glaciers is partly 
due to gravity. But Prof. Agassiz says that still 
more is due to the alternate melting and freezing 
of the water. The ice is in fact a great sponge, 
and not only may you see water in the day time 
held up in the clefts — as many of you who have 
traveled in Switzerland can testify — but the whole 
surface is a spongy mass which imbibes the water 
during the day, which every night is frozen by the 
same frosts, and thus occurs a universal dilatation 
of the whole mass ; the water in all the rents 
freezing causes an expansion, and as this cannot 
push aside the mountains on the flanks, the only 
vent for the force is downward — in which direc- 
tion it has the effect to force the huge mass down 
at the rate of one, two, three or four inches an 
hour, according to the heat of the summer and the 
amount of alternate melting and freezing that goes 
on, and also according to the farther distance 
which the glaciers have reached. I may mention 
that every one of the moraines between the cen- 



tral one and the sides is produced just like the 
large one — by the junction of the tributaries which 
come one after another down for many miles. — 
Thus the different moraines may be traced — one ta 
the Schrecken and others to various tributaries 
which join higher up. Those at the sides move 
faster than the central ones, because the reflection 
of the heat from the boundary rocks is in addition 
to the direct heat of the Sun, causing the ice to 
melt away faster : and thus the ice is drawn from 
the middle to the sides, and the moraines become 
more and more scattered. At last we have only 
one great lateral moraine with smaller medial 
ones, and when we behold the beautiful arch at 
the termination we shall find in the middle of it 
no fragment at all. There was some difficulty in 
accounting for this, because it was supposed that 
the fragments had been caught in the fissures. — 
But why Bhould the extremity be so beautifully 
free from them ? The answer is this : that when 
a block falls into a fissure it works its way up — not 
by rising against gravity — but in this way : as the 
glacier goes down, it continually diminishes at the 
surface — the upper surface melting away ; and the 
block which had dropped down to a certain dis- 
tance must continually get nearer the surface. — 
There too this block protects the ice from the rays 
of the Sun, and you see the mass below unmelted. 
If the pebble be smsjl it soon becomes heated 
through, and thus forms a pool or holl-w. Thus 
if the rock be small, we shall have a hollow ; if 
large, the opposite — or the rock will be mounted 
up on a pedestal. The wind also is one cause of 
evaporation. The ice wastes away like camphor, 
without passing through the liquid form. The 
general waste of superficial ice tends to bring up 
the fallen mass toward the surface. 

I have said that there was great difficulty in 
seeing how such large fragments could be so per- 
fectly rounded. Sometimes we have masses per- 
fectly angular — twenty feet in one direction, and 
twelve or fifteen in the other. There is one, well 
known to travelers, in the central mcraine of the 
glacier of the Arve. It was here that a hut was 
built in which a family lived in the summer. The 
rocks are rounded here, as is said by some, not by 
the action of the ice, but of the river that flows 
beneath the ice. But Professor Agassiz says 
that, as a proof that it is the ice, and not the river, 
to which the rounding of the rocks is attributable, 
you may go up to points above where any stream 
commences, and still you will find that the motion 
of the ice above has rounded masses of all sizes. 
This is found so far above the line of perpetual 
snow that it cannot be attributed to the action of 
running water. . 

I mentioned a hut, built by Professor Huge, 
some time ago. There are some remarkable ob- 
servations concerning it, which show the rate of 
motion in these glaciers. It was built in 1827, on 
the glacier of the Arve. When Professor H. went 
back nine years after in 1836, he found that the 
hut had gone dewn without being otherwise dis- 
turbed or injured, 2,200 feet. He went again 
four years after, and found that it had gone down 
at twice the same rate. Taking an average of the 
whole for the thirteen years, it was found that it 
had gone down at the rate of eight inches in twen- 
ty-four hours. In the first part of the distance it 
went eight, and in the second sixteen ; and the 
motion was entirely in the summer. In the win- 
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ter, this glacier was stationary, showing again, as 
Professor Agassiz remarked, that the motion was j 
chiefly owing to dilatation — to this alternate melt- j 
ing and freezing. This is certainly a strong ar- j 
gument in favor of that theory, that it is chiefly 
during this congelation and melting that the chief 
motion is observed. 

There have been periods when the glaciers 
made less advance than at others, as between the 
eleventh and fifteen centuries ; and again in the 
seventeenth and eighteenth a general motion for- 
ward occurred. This period of retrocession and 
advance is a striking meteorological phenomena 
showing the cycles of climate. When there is a 
great fall of snow during the winter, which melts 
in summer, there is an advance. 

In Chili, which has the same latitude as the 
Alps in Switzerland, we have glaciers descending 
to the sea; but at the Alps they only descend 
within 3,000 feet of the sea level, and this too, al- 
though the Andes are only 7,000 feet high — half 
the hlgbt of the Alps in the same latitude. The 
reason of this singular phenomenon is that to which 
I have alluded — that the summer heat is less in- 
tense in the Alps. In Europe we have to go to 
latitude 67° before we find a single glacier reach- 
ing the sea. But in the Southern Hemisphere, in 
latitude 46° — in Chili — we find this occurring 
twenty-one degrees nearer the equator ; so that 
there is here an actual generation of icebergs in a [ 
region which is almost the limit to which the 
floating icebergs reach. That alternate period of 
advance and retrocession among the Swiss gla- 
ciers is one of the most remarkable facts, and ex- 
plains many geological phenomena. In observing 
the terminal moraines of the Alpine glaciers, we 
often find a huge mass left at the end of one sum- 
mer. Then when the glacier advances again, it 
pushes forward the moraine of the last year into 
that of the year before, and that into the third, 
and so on until we have four or five together, form- 
ing a huge mountain. You may see many of these 
ancient moraines covered with houses and lofty- 
trees, and various kinds of -herbage ; and as I wit- 
nessed in 183S, when the glacier was advancing, if 
it approach this ancient moraine it destroys the 
forests upon it, forcing in the vvalh of the houses 
and crushing them by a slow and almost imper- 
ceptible, but at the same time irresistible power ; 
and after treading down these lofty trees for a se- 
ries of years, it will again retreat; and then the 
■wood will grow again, the inhabitants again build 
their houses, and forget the disaster which once 
rendered them desolate. So that the trees show 
by their age how long it has been since the ice vis- 
ited that part of the country. 

These phenomena have been well described by 
M. Charpentier, who remarked that we always 
have an unstratified mass of large boulders in the 
same district, the angular and rounded being min- 
gled together. This shows that they cannot be 
attributed to any action of water, for water exerts 
an assorting power, carrying the finer materials 
farther than the coarser, and would carry the small 
stones to farther points than the large ones. Each 
different size would, supposing the whole to be 
attributed to the action of water, be arranged in 
different layers. But ice would carry them all 
indifferently to the same place, and we should find 
them anstratified — a promiscuous, confused mass, 
and that is the character of all the moraines. Now 



we are not to jump to the conclusion that all the 
boulders of Long Island are attributable to gla- 
ciers. I believe that they are not, but still to the 
action of ice. The pebbes found at North-Haven 
and along the Connecticut Valley, in the boulder 
formation are rounded on three sides but flat on 
the other — resting on polished rock ; and all the 
furrows are parallel over a large extent of country. 
This parallelism does not bespeak the action of 
water ; for in that case there would be none of the 
scooping out that we see in tha action of glaciers ; 
the motion would not be always in the same di- 
rection ; but if the fragment of a rock becomes 
frozen in, it is kept in one position, and we should 
have, therefore, straight parallel grooves. 

But not to dwell longer on the action of mere 
glaciers, let us pass to the consideration of ice- 
bergs. We know that icebergs carry fragments 
of rock in the same way as glaciers ; that is, frag- 
ments of rock rest on glaciers when they eome to 
the sea, and are then conveyed away by the float- 
ing iceberg, as well as by the moving glacier on 
land. This has been observed even in latitude 
46° in Chili. Scoresby tells us that he met in 
lat. 69° an iceberg in the Atlantic with 100,000 
tons of rock upon it. But in 1839 there was met 
in the South Atlantic an iceberg 1,300 miles from 
any known land, from which projected a block 
twelve feet thick : how much rock was buried be- 
neath the surface was not known. I do not say 
tha; this was 1,300 miles from any land— but only 
from any hwwn land. Now as this was floating 
at a considerable rate from South to North — as it 
melted, the rock would fall to the bottom of the 
sea, and if the bed should be raised some day, we 
should have boulders at an immense distance from 
their starting point. The shores of the Antarctic 
regions are thus covered with coast ice a mile or 
two in thickness— stranded ice containing great 
quantities of rock. Thus as the glaciers descend 
to the sea, they float off, the rocks fall to the bot- 
I torn, and the floor of the ocean is thus strewed 
over with them, and if the ice melt in still water 
the formation would be unstratified, because all 
the rocks fall perpendicularly through the water. 
But if there were a current, then an assorting 
power would be exercised, and we should have 
regular strata. 

I now come to a remarkable feature to which I 
must allude, as I spoke of it at the beginning of 
my Lecture, but of which I can only speak briefly. 
I mean the appeaarnce of Alpine rocks on the 
peaks of the Jura. The Western valley is com- 
posed of talcose granite and gneiss. Then going 
farther East we come to the Bernese Alps, where 
the mountains are composed of crystaline lime- 
stone, gneiss and other rocks, frequently of highly 
crystaline marble, fragments of gneiss, &c. Next 
are the Alaps of the smaller cantons— Glaris, 
Schwytz, Uri, Zug, &c. Now the phenomenon 
alluded to is this :— We have the great valley of 
Switzerland between the Jura and the Alps. The 
Alps are from 10,000 to 15,000 feet high, and the 
Jura only one-third as high. Now we have the 
same blocks in the plain below, in Lake Geneva 
and others, perched upon the Jura Mountains, at 
all hights and of all sizes— one in particular, cele- 
brated under the name of Pierre a Bot, near 
Neufchatel, no less than forty feet in diameter, 
composed of gneiss from the Alps. The whole 
chain of the Jura is composed of fossiliferous lime- 
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stone, entirely different from the Alpine rocks ; so 
that we have no other resort than to suppose that 
these rocks must have originated in the Alps. All 
agree that those on the central part of the Jura 
came from the Bernese Overland; then, again, 
the block of slate of the Glaris region sent over its 
erratics to the Eastern Jura, near Basle, and those 
on the Western Jura have come from the region 
of Mont Blanc and the Valais. 

Saussure, Van Buch and other writers sup- 
posed that these phenomena were produced by 
some grand rush of waters in consequence wf the 
rise of the Alps from the Ocean ; a most violent 
hypothesis, contrary to facts now known. If we 
suppose that this was the cause of these rocks 
being carried across this great valley, how is it 
that they did not all fall down into the valley? 
How is it possible that they should be whirled 
sometimes for several thousand feet? This has 
never been explained to the satisfaction of any 
one ; though to be sure this is rather more satis- 
factory than no hypothesis. But the remarkable 
fact is that we have on parts of the Jura fragments 
of rock such as we must suppose glaciers musthave 
carried straight across the valley fifty miles wide; 
so that the Western stream seems to have followed 
the course of the Rhone, the Central that of the 
Arve, and the Eastern that of the Reuss and the 
Limmat. But to suppose all this is in defiance of 
all analogy of the motion of glaciers; for we must 
remember that they could have an inclination from 
one bank to the other ef only two degrees ; so that 
we should have them moving along a dead flat, 
which is contrary to all the laws of glaciers, that 
they should walk across this level and lodge these 
blocks upon the Jura peaks. I should rather be- 
lieve this, however, than that they are owing to a 
diluvial rush, which is utterly inconsistent with all 
the laws of the transportation of matter. 

There is another hypothesis suggested by the 
occurrence of glaciers in Chili in the same lati- 
tude as the Swiss Alps. We may suppose, from 
geological changes known to be going on in the 
upheaval of the land, &c, that the Alps were less 
lofty than they now are, during the boulder forma- 
tion, and the Jura also. The sea may then have 
covered the bottom of that deep valley, and the 
Alps — at one half their present hight — would have 
stood as high as the Chilian Andes. Suppose they 
sent down glaciers to the sea, as we know they do 
in South America, where Sir George Ayres has 
seen them with blocks of syenite and granite. — 
These might be stranded in the great valley, which, 
in that case, would represent the channel that now 
separates the Island of Chiloe from the main land. 
The Island of Chiloe is about 100 miles long, and 
may well represent the Jura Chain. The Andes 
represent the Alps, and the channel the intervening 
valley. The Alps, at half their present hight, would 
be sufficient to give rise to glaciers, which, descend- 
ing to the sea, would become icebergs and float 
blocks across the channel. In point of fact there 
are found on the Island of Chiloe blocks of syenite 
in one part and of granite in another, which might 
have been carried from different points of the sides 
opposite. Now if an upheaval were to take place 
on the Chili Coast, which should liftup the Andes — 
dry up the intervening channel — and lift up Chiloe 
so that it would appear to be a chain of mountains, 
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we should have the same puzzling appearance to 
future geologists. It would be wondered how 
these blocks of granite and syenite could have 
crossed the valley from the Andes and perched 
themselves <sm the Chilian Mountains. This hypo- 
thesis is infinitely more satisfactory than the one 
which attributes the phenomena to the extension 
of glaciers from the Alps to the Jura, or to the di- 
luvial rush of Saussure. There have been found 
also moraines on the Jura which have polished and 
scratched the surface — implying that formerly there 
were glaciers here also. This may have happened 
when the climate more resembled that of Chili. 

I will now state one more fact of some interest 
here. I observe that Mr. Mather, the State 
Geologist, to whom was committed the investiga- 
tion of this part of the country, says that on the 
Eastern extremity ©f Long Island are blacks that 
have come from the neighborhood ef the Palisades 
or from different parts of the Highlands. Travel- 
ing farther on, he saw another group which came 
from the Connecticut region opposite ; then te-tiap, 
porphry and other rocks fiom New-Haven. Stil 
farther were Rhode Island rocks, and so in differ- 
ent parts were groups corresponding with strata 
opposite. In these cases we have not to call in 
the action of glaciers nor of icebergs to explain 
this. It may have been caused by the action of 
coast ice. Ice might float thither, carrying the^e 
blocks, and, being stranded, lodge its load ; then 
the next year might come a little more. Captain 
Batfielb, after fixing the position of one block, 
found it carried away several yards. The expe- 
rience of Dease and Simpson shows the immense 
power of these icebergs. The TJtica, too, which 
has just arrived, talks of icebergs in this latitude 
400 feet high above the water, and as there are 
eight cubic feet below for one above the surface, 
we may judge of the enormous size of these ice- 
bergs, which were several miles in circumference. 
They grate along the bottom of the ocean, plough- 
ing up mud and sand with a force sufficiently easy 
to move a building like this, or even the whole city 
New- York before them ! This is the kind of action 
that produced those contortions of which I have 
spoken. The top of a sand-bank in the bottom of 
the sea has been exposed to a violent thrust of thi3 
kind, and while the strata below remained hori- 
zontal, those above would be forced hack and 
folded over upon themselves. 

I will now leave this subject half-told, as I have 
been obliged to leave so many others of equal im- 
portance ; and still more at which I have not been 
able even to glance. In concluding, I may take 
this opportunity — as this is the last Lecture I shall 
have the pleasure of delivering in the United States 
before my return to Europe, being about to resume 
my geological tour and to visit various parts of the 
West and of Canada — not only of thanking you for 
*.he great attention you have been so kind as to 
show me, but also to acknowledge the welcome 
which has attended me throughout my tour from 
Lake Erie to the Savannah River ; and which has 
made me in this country feel as much at home as 
though I were in England ; and I assure you that 
I shall always look back to the time spent here 
with a home-feeling, which will always make it 
difficult for me to regard America as a foreign land. 
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Dr. Smith December 9 closed the series of Lec- 
tures on Geolosy which he has been delivering at 
the Lyceum of Natural History. His main sub- 
ject was the differences perceived, in many partic- 1 
ulars, between Men inhabiting different portions of 
the Earth's surface. The first general difference 
remarked by scientific men between different spe- 
cies of animals was the fact that in the various 
grades the head was placed upon the neck in a dif- 
ferent position. In man, for instance, the head is 
directly above the neck, and so nicely balanced 
that it vibrates with equal ease in any direction — 
As we descend to the lower animals we find the 
neck more and more behind and upon a level with 
the head, until we find in birds that it is directly 
behind it. 

Soon after this was made known, it was re- 
marked by a painter that, in painting portraits of 
negroes, the only difference between their heads 
and those of white men, as represented at that day, 
was in the color. Bat he perceived that this did 
not in fact represent negroes ; and his observation 
led him to the construction of the facial angle, 
which, although it measures directly only the pro- 
jection of the forehead, is always found to indicate 
the capacity of the skull. This angle is defined 
by the intersection of two lines : one drawn from 
the lower part of the ear to the nostril, supposed 
to be horizontal ; and the other from the nostril to 
the forehead. Now in the different animals, the 
angle included between the two lines thus drawn 
is found to vary, in adults of our race, averaging 
35°, though in children of three or four years old 
it eften reaches 90*, and becoming more and more 
acute as we descend to the lower animals. So 
generally has it been understood that this angle 
measures the capacity of the skull, and therefore 
the powers of the intellect, that the ancient Greeks, 
in their representations of gods and heroes, made 
it 100°; and thus was the portrait of Alexander 
painted when he was deified. 

It was for a long time supposed that man had a 
larger brain than any other animal : but it was 
soon found that he was excelled in this by the ele- 
phant and the whale. Than it wa« believed that 
its size in proportion to that of his body was the 
greatest, but it was soon ascertained that, while the 



brain of man is in bulk to^his body a3 1 to 30, that 
of the Canary bird is to its body as 15 to 30 ; and 
yet the bird is not remarkable for its sagacity. The 
proportion of an alligator's brain to his body is that 
of 1 to 1000, and yet Audubon tells us that this 
creature has an ordinary amount of intellect. The 
true anatomical difference between man and other 
animals is, that his nervous system is more entire- 
ly collected in a mass than theirs. 

The face in man is smaller in proportion to 
the size of his head, than that of any other animal. 
It bears the proportion of about one to fmr, while 
if we descend the proportion becomes m\ ch great- 
er, and in the horse it is enormous. 

Anatomists divide mankind into different classes. 
Some French authors distribute them into 12 or 15 
different races, while others make only six. Dr. 
Smith said he had contented himself with four, 
while CuviEIthad but two, namely, those who are 
white and those who are mot white. Dr. S. said 
he followed essentially the differences of the globe; 
and maintained that there were four races of men 
namely, the Caucasian, the American, the Asiatic 
and the African. 

The Caucasian is the race to which we belong; 
and it might justly be said to stand at the head of 
all the races of the earth, possessing the highest 
intellectual power, the elements of all improve- 
ment, and by far the most mental and moral 
strength of them all. The hair of the race is long 
and of different colors in different individuals ; the 
eyes are also of different hues ; the skin is thin and 
the complexion more beautiful than that of any oth- 
er ; and we have physically fewer points or projec- 
tions about us — the cheek bones not being promi- 
nent, and the whole frame being rounded off in the 
finest style. The Caucasian race has included all 
the most distinguished nations of the earth, the 
Phoenicians, the Jews, the Arabs, Greeks and Ro- 
mans ; and even on opening the mummies of 
Egypt, the Caucasian, with the African and Asiat- 
ic, was found among them. 

Of the other races fewer words are necessary. 
The Asiatics are by no means so well made : the 
face being broader, the cheek bones higher, their 
bodies more feeble, and their intellect but of mod- 
erate power. 

The Indians of eur Continent ar« very strongly 
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marked : their bair is long and harsh, their phy- 
sical powers are upon a small scale, and they are, 
in intellect, by no means the equals of the Cauca- 
sian race. 

Last of the four came the negroes — the Ethio- 
pian race. Their color and the character of their 
hair are well known, as well as the thickness of 
their lips. They inhabit the torrid parts of Afri- 
ca, and their mental powers are upon an inferior 
scale. 

Coming to a more particular description of these 
races, the facial angle in the 



Caucasian race is 85 degrees. 

Asiatic 78 "•; 

American Indian 73 " 

Ethiopian 70 " 

Ourang Outang — — 67 " 



As we descend to the inferior animals, as already 
said, this angle becomes more and more acute ; 
and in the duck, &c, is of only a few degrees. 
This rule, though it will not hold good with re- 
gard to individuals, is always true in respect to 
different races. The intellect of a race is always 
in proportion to the obtusenessof that angle. The 
bulk of the brain varies as this angle ; and if we 
take a thousand individuals who have large heads, 
and another thousand whose heads are small — all 
belonging to the same race and receiving the same 
education, the large heads will have mare intelli- 
gence, as a general thing, than the small ones, 
though this will not hold true of the heads of the 
different individuals of either class. The dimen- 
sions of the Caucasian head are 87 cubic inches ; 



Of the Asiatic 82 " 

The Mongolian and Malay 81 " " 

The American Indian.... ---.30 " 11 

And the Ethiopian 78 " " 



The senses vary in the opposite direction. They 
are more developed in the African than in the 
Caucasian race. The negroes' taste is better and 
far more uniform — all negroes disliking mutton for 
instance; their smell is better, and so of their 
»tber senses. 

As a general thing the amount of intellect is 
indicated by the bulk of brain in the front part of 
the head: but this must not be regarded as afford- 
ing ground for the theory of Phrenology, — since 
the posterior part of the African's head is smaller 
than ours, and yet his passions and senses are 
stronger. As to the moral qualities being always 
located between the animal and intellectual, we 
have no evidence that this is the fact. There are 
some fifteen or sixteen circumstances in which the 
anatomical structure of the Ethiopian differs from 
that of the Caucasian race ; and in every instance 
they approximate to the inferior animals. There is 
not the slightest doubt that the anatomical structure 
of the negro is less favorable than ours. Dr. Smith 
said that it was his decided impression that in in- 
tellect they are much inferior to us, though in many 
moral qualities they are our superiors. They are 
grateful and affectionate, and have, what the Cau- 
casian race, especially of this country, have not, a 
strong ,unconquerable fondness for the place of their 
nativity. Hume, Dr. S. thought, was undoubted- 
ly right in saying that the African race was far infe- 
rior, by nature te the European, for the only dis- 
covery for which we are indebted to thera is that 
of the drum. Moreover wherever we find the two 
races living together the Africans alvsays oocupy 
the inferior statitn. Thus it is in St. Domingo 



where the mulattoes, though fewer in number, keep 
in subjection those who are merely negroes. ~- 
Stili this can never justify any people in keeping 
them in Slavery: for Slavery, Dr. Smith said, so 
far as he could see, had never any right but the 
right of force. There is no more reason, in the 
fact that they are black, why we should keep them 
enslaved than there would be for them to enslave 
us because we are white. Of the mischiefs of 
Slavery Dr. S. said he was also thoroughly con- 
vinced ; though he thought the Abolitionists were 
not quite aware of what they were doing : for he 
held it to be undeniable that if the negroes should 
be freed they were as sure to be exterminated as 
the sun to rise ; and this upon the principle that 
as Seciety advances there must inevitably, in the 
course of time, be a struggle for the means of 
subsistence : and whenever and wherever that 
struggle comes, the weaker party — as the negroes 
certainly are — must be driven to the wall. Among 
the marshes of the South, the climate of which 
they endure better than wc do, they might prevail; 
but here at the healthy North they must inevitably 
perish. 

We seem to owe our origin to the mixture of 
three branches of the Caucasian race — namely, the 
Celts, who inhabited the British Isles and Armori- 
ca and Bretaigne ; the Northmen, who invaded 
Europe in the tenth century ; and the Germans, 
who are subdivided again into the Saxons and the 
Goths. Besides these, two other classes — namely, 
the Teutonic, who inhabited what now is Prussia, 
and the Sclavonic, who dwelt in Poland, Bohemia 
and Russia, contributed to our 1 existence. The 
Caucasians generally, and the Celts in particular, 
are indolent, captious and pugnacious to a high 
degree. If they can act the part ef robbers, they 
will be sure to do it; and this wherever they ob- 
tain a foothold. The Germans were more perti- 
nacious and more industrious, but still possessed 
of the same tendency to plunder. This is the rea- 
son why the Indians of our Continent have been 
continually pushed backward, and why they must 
inevitably, in the end, be exterminated. From the 
moment our people got a footing on this Continent, 
the destiny of the Indians was sealed. They were 
the most worthless of all the inhabitants of the 
globe; and it is utterly impossible to civilize them. 
Dr. S. said he spoke not as a moralist, nor said 
aught of the right or wrong done. He merely 
mentioned a necessary fact. 

The truth is, said he, mankind are every where 
the same. Give them power and they will always 
seek conquest. Thus has it been even with the 
Colony of negroes planted at Liberia. We receive 
by despatches from the Governor news that they 
are gradually pushing their frontier farther towards 
the interior ; and this is precisely what might have 
been expected. Dr. Smith said he had always be- 
lieved that the English would plant themselves in 
China ; though he confessed he had been disap- 
pointed in having lived to see it. And when all 
Australia and New Zealand are peopled with such 
a race, they will attack the Japanese, force tbem 
to trade with them and eventually get possession of 
their country. In truth nothingjbut force can keep 
our race in order : and other natiens must compete 
with us in the arts of war or they must yield to as. 
This continual extension of the power of the Cir- 
cassian race, if it has its evils, has also its advan- 
tages ; and the world is improving under it. There 
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never was a time when there was so much intelli- 
gence, so much virtue, so much happiness as now. 
A gradual course of improvement is in progress. 
War, for instance, is less frequent than of old — not 
because there are not men enough ready and will- 
ing and able to fight ; but because it is becoming 
too expensive ; nations cannot affsrd themselves 
the amusement. And so will it continue to be. 
The English language, English liberty and the Eng- 
lish religion are destined to overspread this whole 
Continent, from its Northern to its Southern ex- 
tremity. 

These remarks, Dr. Smith said, would doubt- 
less suggest the question, whether these differen- 
ent races were different in their origin, 8r wheth- 
er they all descended from one pair. This point, 
Dr. Smith said, he argued about a year ago with 
a profound anatomist, who contended that all were 
not descended from a single pair. Dr. Smith said 
he asked him what he would do with the plain 
declaration of the Bible, that all men were des- 
cended from Adam and Eve. He said he believed 
every word of the Bible, but not my deduction from 
it. But this, Dr. S. said, was not satisfactory ; 
because a conclusion, legitimately deduced from 
certain premises, has all the force of those premi- 
ses. He had always believed that the fact was as 
stated in the Bible, and it was sustained, he said, 
by analogy, and contradicted by no known fact ; 
although there are difficulties which cannot as yet 
fee explained. He had argued this point some 
time since with a Professor at Princeton, who had 
charged him with skepticism, because he had said 
that he could not believe that solar heat could have 
changed the size of the cheek bones of differen t 
men, as they are found to differ. Dr. S. said he 
did net say that men were not all descended from a 
common stock ; but that there were difficulties in 
the way of this belief, which, in the present state 
of science, could not be satisfactorily explained. 

The analogical argument would also show that 
Nature often produces the most different effects 
from one cause. And there is no fact to contra- 
vene this, in this case. Cdvier's notion, Dr. S. 
said, goes for nothing, when he defines species 
as animals that have descended from one common 
stock or that are as much alike as if they had de- 
scended from a common stock. This is a mere 



begging of the question. There is no instance on 
record in which a black man has become white: 
and whites, when removed to torrid climates, may 
change the color of their skins, but their skeletons 
remain the same. This phenomenon then, though 
not accounted for, should not lead us to doubt that 
all men are descended from Adam and Eve; but 
we should wait for the true solution of the diffi- 
culty, which future'scienee will doubtless give. 

Taking a retrospect of the ground gone over in 
the Lectures now brought to a close, Dr. S. said 
that we had found a few elemeKts, sixteen in 
number, to have been created at a period im- 
mensely remote — " in the beginning that upon 
these elements certain laws were imposed which, 
in the lapse of time, produced effects such as we 
have seen. Though occasional interpositions may 
have occurred, the general current of events has 
been the same — ever onward to the same result. 
First we have the nebula ; then the state of fusion ; 
next the atmosphere, till we reach the rock, and 
then the first moss that springs up upon it, until 
we reach the inferior animal, and vegetables, and 
the grand whole is thus worked out. I said some 
time since, said Dr. S., that I would give you a 
demonstration of the being of God infinitely above 
that of Faley ; and here it is. In the lapse of ages 
the same power produced all these grand results; 
one power designed it — one arranged, one di- 
rected the whole. 

Still it seemed to him that the argument of 
adaptation must puzzle the disciples of Laplace, 
who supposed all things to have sprung from what 
he calls the fertility of matter. It is evident that 
if this were the case, the fertility of matter in 
Jupiter or Vesta must have acted differently from 
what it has here ; since we know the same animals 
which it has produced upon the Earth could not 
live there. A man weighing 150 pounds on the 
Earth would weigh 1500 in Jupiter, and if he 
should once lie down he could never get up again. 
At Vesta, on the other hand, he would weigh only 
10 pounds, and would be blown about by every 
wind. The only animal that could flourish there, 
said Dr. S., would be the flea, whose strength is 
so enormously great in proportion to his size. All 
creatures, then, are precisely adapted to the globe 
on which they are placed. 
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XT The following Publications are for sale 
at the office of The Tribune, Nassau-street, opposite the 
City Hall: 

COOLEY'S AMERICAN IN EGYPT, to be com- 
pleted in 6 Nos. No. 1 new ready 25 

ALISON'S SPLENDID HISTORY OP EUROPE 
in 16 Numbers. The I, II III and IV Nos 

are now ready, each $0 25 

DICTIONARY OF ARTS, MANUFACTURES 
AND MINES, by URE, in 5 parts of 320 

pages each — first and second Parts 1 00 

HANDY ANDY 50 

HANDY ANDY, with plates 1 25 

TOM JONES ." 50 

ROMANCE OF BORDER LIFE— Kabaosa ; or, 

the Warrior's of the West. By Mrs. SneJIing S7j 

JACKHINTON '. 31} 

YCLOP.EDIA, (Lrande>s) Nos. 1 2, and 3 25 

MOIRS OF QUSKNd OF FRANCE 25 

TTERS 67 SiARY QUEEN OF SCOTS 25 

fiBlG'S AGRICULTURAL CHEMISTRY 25 

JITED IRISHMEN, Their Lives and Times .... 25 

<FE AND TJMRS. OF LOUIS PHILIPPS 25 

JCTOR LARONER'S LF.CTUP ES-2d edition. 
This contains the eight celebrated Double Lectures 
lelivered at Niblo's Garden. The first edition met 

.vitb a rapid sale 25 

uEMENTS OF NATURAL PHILOSOPHY: 
Embracing the general principles of Mechanics, 
Hydrostatics, Hydraulics, Pneumatics, Acoustics, 
Optics, Electricity, Galvanism, Magnetism, and 
Astronomy. Illustrated by several hundred en- 

gravinprs. By Leonard D. Gale, M. D 

SELECT LIBRARY OF RELIGIOUS L1TERA 

TURF,, Nos. 1 and 2, each 

MISS LESLIE'S MAGAZINE 15 

CHUZZLEWJT, by Dickens N 

TOM BUltKE OF OUKS I 

It. S. D or Accounts of Irish Heirs >AUforl24 

WINDSOR CASTLE I 

ADVENTURES (IF ARTHUR O'LEARY.. ) 

QUICKENS'S NOTES OF ENGLAND 10 

HUMPHREY C LINKER, by Smollett 25 

RODERICK RANDOM 25 

THE BACHELOR AND OTHER TALES, by 

the late Samuel L. Knapp 25 

PELHAM f 

DISOWNED 

DEVEREAUX I 

PAUL CLIFFORD I 

EUGENE ARAM I 

LAST DAYS OF POMPEII Beautiful 

THE CZAR1NE I uniform 

RIENZ ! , The Last of the Tribunes. . . { edition of > 



50 



.15 



Katharine 



Bulwer's 
Novels. 



each 
25 
cents. 



SELF- EVOTION, 

Randoi, b • 

NABOB " HOME, or The Return 

toEngla 

ERNEST ALTRAVERS 

ALICE; or, 'he Mysteries : Sequel 

to Maltravei 

VIVIAN GRh. ' 25 

THE YOUNG UKE - 25 

ROMANCE AN.- REALITY, By L. E. L 25 

FRANCESCA CARRARA, by L. B. L 25 

NICHOLAS N1CKLEBY .... 1 ( 50 

OLIVER TWIST Uoz'sWorks V 25 

AMERICAN NOTES >KOZ s v»orns. > j 2j 

PICKWICK PAPERS J [ 50 

THE TWO ADMIRALS, 2vls.. 1 uniform edi- ) 50 cts each 

THE SPY-2vls > tion of Sor 25 cts, 

WING AND wiNG,2vls 5 Cooper's ) per vol. 

THE PATHFINDER, by Cooper 50 

IVANHOE ( 

GUY MA '^NE RING. 
THE ANTIQUARY.. 

ROB ROY 

HEART OF MID-LOTHIAN,. 



Beautiful 
uniform 

BRIDE OF LAMMERMOORi J Edition 

of 
Scott's. 



OLD MORTALITY THE 

BLACK DWARF... 

KENILWORTH 

WAVERLEY 

THE MONASTERY. 
THE ABBOTT 

<T?HE AMERICAN LABORER, 6} cents per No. 
For the entire volume 75 



each 25 



29 



29 



BEAUTIES OF REV. JOHN WESLEY, contain- 
ing the most interesting Passages, selected from 
his whole works, with a Memoir of his Life, kc 
This is a beautiful little volume, very neatly done 
up. The price has heretofore been 50 cents, now 

sold at IS 

VENETIA, by D'Israeli 24 

GEORGE ST. GEORGE JULIAN The Prince, 

Nos. I, 2, 3 and 4 Hi 

THIERS'S HISTORY OF THE FRENCH HE VO- 
LUTION, from No. 1 to No. 9 

SPARKS'S LIFE OF WASHINGTON, 6 Nos., each 
GOOD THINGS IN A CHEAP SHAPE. Leper of 
Aoste— Translated from the French of Xavier de 
Maistre : Will", other Tales and Sketches. A beau- 
tiful woric,anfi very neatly done up in paper covers 

in the style of the modern Hovels 183 

PHANTOM SKIP.TalesoflheSea.byMhrryatt.... 25 
F1TZ HENUY.orMARSIAGE IN HIGH LIFE... 12J 
BLACKWOOD'S EDINBURGH MAGAZINE for 

January .....183 

*THE NEIGHBORS, r. Tale of Eviry-day Life 18| 

•WESTERN CAPTIVE, or Times of Tecu.oseh. . . . 18J 

INQUIRY INTO THE BOMGRS MUTINY 12J 

*THE WH O ALMAXAC AND U. STATES 
REGISTER for 1843, couuining a Life of Mr. 
Clay ar.<d a large amount of useful reading matter. . 121 
*CAREER OF PUFFER HOPKINS, by C.Maithews 12i 
*SUSAN HOPLEY ; or, Adventures of a Maid Servant, 

by Harry Leeson 124 

*ABEDNEGO, The Money Lender, by Mrs. Gore.... 121 

•ADVENTURES OF OBADIAH OLDBUCK 121 

•SISTER ANNE 121 

HECTOR O'KALLORAN and His Man Antony 

O'Toole — 9 numbers now ready, each No 121 

•FRANKLIN EVANS, or the Inebriate. Price 12* 

PAULINE, a Tale oi Normandie 121 

•THE NAUTILUS; A Collection of Select Tales and 

Sea Tales 12J 

LIFJS AND SPEECHES OF HKNRY CLAY— 

20 Nos. , 15 ready— each 121 

LIFE 0FR3NRY CLAY ■ H 

SPEECH OF Mr. CLAY at the Lexington Festival, 
and on his Retiring from the U. S. Senate. Also, 
the Speech oi Judge Robinson in relation t« Mr. 
Clay. Tuese Speeches contain a succinct and 
general history of tbe public career of this emin- 
ent statesman, and ought to be as generally circu- 

lated ami read as possible "t 

MARSHALL'S TEMPERANCE SPEECHES H 

COOPERAGE OF THE TRIBUNE H 

RICHARD ADAMS LOCKE'S LECTURE ON 

MAGNETISM AND ASTRONOMY H 

•THE BOSTON MISCELLANV and Lady's Month- 
ly Magazine, for January and February.... 25 

•SARGENT'S MONTHLY MAGAZINE, Jan. No .. 26 
•BRAITHWAI I'E'S RETROSPECT OF PRAC- 
TICAL MEDICINE and SURGERY, Parts 
2, 3, 4 and 5— No. 6 will be pnhlished in J anua- 

ry— f\os. land 2arein press. Priceper No 59 

•GODEY'S LADY'S BOOK, tor February 25 

•GRAHAM'S MAGAZINE, for February 25 

•THE LADY'S WORLD OF FASHION and Lit- 
erature, for February M 

•CHRISTIAN FAMILY MABAZINE, Jan. No.... 18i 

•NEW-YORK VISITOR, for February 121 

•THE RAINBOW. AND ODD FELLOWS semi- 
monthly Magazine, the first and second numbers, 
January, 1843, with beautiful steel engravings.. 
•THE LADIES COMPANION— Plates, &c— Feb 

ruary No 

•THE ARTIST, a Monthly Lady's Book— 

Plates. &c. for February 25 

•THE MAGNET 1«* 

THE PIONEER, a Literary and Critical Magazine, 

Monthly 23 

NEW WORLD, ANNUAL • 12J 

THE DAILY THIBUN"', Vol. I. bound $5 00 

ROBERT MERRY'S MUSEUM, January and Feb- 
ruary Numbers. This is a Monthly Juvenile Mag- 
azine,enibe:lished with nunv-rousengiavings,and 
is one of the most popular works with little Boys 
and Girls that was ever published. Single numbers 18 

THE WEEKLY TRIBUNE. Vol. 1., bound $3 00 

THE NEW-YORKER. Vols. X and XI *3 00 

THE LOG CABIN, complete, both series *2 50 

Those marked thus * are subject to Newspaper or 
periodical postage. 
Discounts to Agents.Peddlers and others on all tbe above 
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NEW- YORK TRIBUNE. 

DAILY AND WEEKLY. 

The Publishers of The New- York Daily Tribune respect- 
fully announce to their readers and the public that they 
bave made arrangements for the opening: winter as follows 

At WASHINGTON^-1. A careful report of the daily pro- 
ceedings of Congress Wll be made up expressly for The 
Tribune, so as to appear in its columns at the earliest mo- 
ment This department will be in the hands of the same 
gentleman who so ably and satisfactorily filled it through 
the last two Sessions. 

2. A gentleman well informed on all Public topics and 
of eminent Ending' i<- the Political circles of the Metropo- 
lis, will act as our Confidential Correspondent, furnishing 
early advices of a!l Political movements in contemplation, 
Whether v. ilh refrrencr to the Legislative action of Con- 
gress, the corrupt vagaries of Tylerism, or to the warning 
intrigues and manoeuvres of the partisans of the rival Loco- 
Foco aspirants to the Presidency. 

At NEW-YORK— 1. In addition toourusnal departments, 
an experienced and most capable Assistant Editor will at- 
tend all the Lectures of the Winter which shall possess a 
general interest, to report them either in full or in substance, 
as their character ;md worth shall seem to require. In this 
depnrtmeiit, The Tribune achieved an acknowledged su- 
premacy last winter: it is our purpose to confirm it this 
season. 

2. Another Assistant gi73^ undivided attention to the 
Markets of oar own and other Cities, taking accounts of Ar- 

- rivals and Sales of Produce ^nd Merchandise, with all ope- 
rations hi G.'rv'vSUvks, Currency, Exchanges, fcc &c, 
which shall he wortfiy Of record. Ia this department wc 
SGdeavor ;o he more precise that? any o'.her paper. 

3. Our iU- views and Literary Intelligence we design to 
reader poller and earlier than tho se of most journals. 

At 3 O.yi'ON— We have an excellent Correspondent, who 
Will trairmr>.us from week to week brief summaries of the 
ablest aud most striking Lectures, Discourses, Jtc.&c, with 
accounts rf what I- doing in every department of Moral 
snd Intellectual effort. 

At ALBANY.— We have completed 1 arrao^ements for 
eetly and graplftft advic:sof the maimer in which Loco- 
E'ocahm .shall dispense its newly acq aired '.Spoils,' and 
carry out to ^rnptetiori its Stop-and-Tai policy. 

At HOf.lK AND EVERYWHERE— tbonglj we hope 
for aceason to have less ocsa^ion thauhitheiic for devoting 
0»rct)lCtons t j Political controversy— The Tribune will con- 
tiuue t!ie ardent, unswerving, undaunted, determined advo- 
cate of Wm« Principles auct Itfeasares, and of ihe election 
rf Eenhv Clay as President ia 1844. recent events, how- 
*ver disooaraging if? Ore view of the short-sighted, have but I 
8trenglu"ncd our confidence in the speedy triumph of those ] 
Prmcipiec, and our conviction that Henry Clay and he 
oaly can rally arimnd hira the cow scattered hosts of the! 
wters-ol 13'i : , aid '«ad tbeffl on to a naw triumph, as sig- 
nal, a* gloriobei-bnt more endunng and beneficent. 

TUB XftlBTWE is published Daily on u large royal 
6heet at Fire Dollars per annum to Mai! Subscribers- 
payable ia all o.-sos in v.dvcrce, and discontinued always at 
the oxpi.atii-n ci" the time far which payment is received. 
(In this City tlie price will b>; 9 cei.is per week, and fur 
single copies two cenls each, as hitherto.) 

The WEEKLY TRI6UNE-just twice the size- of the 
Daily— co:i to :np efght royal pages, or forty-eigbt doable-folio 
««lamnsofcksc!y F--;.;tci. matter, coir.pri:lng all that appears 
in the f>aiiy which is not of local or ephemeral interest 
"with a larger amount ot" Literary matter— Tales, Poems, 
Bedews, Descriptive Letters, Jtc- than we can make room 
for in the Daily. All the Reports of Lectures, abstracts of 
Congressional and Legislative Proceedings, Editorials, Fo- 
reign News, Sx. &c. t hat appear in tho Daily will be regu- 
larly transferred to the Weekly, which is made up even' 
Thursday morning and forwarded by the afternoon Mails 
of that day, so as to reach aiost of its subscribers by or be- 
fore SaunvUy night. 

The Weekly Tribune is afforded for $2 per annum, six 
copies for $f 0, ten copies for $15, aud any larger number at 
the rate of $1 50 each per annum. Every practicable en- 
couragement will he given to those who will aid in extend- 1 



ing our circulation, but all onr dealings are conducted 
strictly on the Ca^li principle, and every paper is stopped 
as soon as the advance payment has run out. Post-Master* 
and others enclosing $10 free of psstage to us shall receive 
two Dailies and one Weekly Tribune for one year. On the 
above terms, subscriptions are respectfully solicited by 
GREELEY ic McELRATH, 160 Nassau-st,, 
in front of the Park and opposite the City Hal'. 
New-Yorlc, Nov. 15, 1842. 

ONLY 121 CENTS ! 

THE WHIG 

ALMANAC 

FOR 1843. 

ECT As a work of convenient reference for Families, Mer 
i chants and Mechanics, the United States Register and Whig 
Almanac for 1843 will be found superior to any other which 
can be found in the market for any thing like the same 
money. Besides a complete Calendar for [all the States, 
and the usual tables of Eclipses and other astronomical cal- 
culations, it contains as much useful reading matter as is 
found iti an ordinary fifty cent volume. Its Tables of Pop- 
ulation of the different Slates, and Times of holding Elec- 
tions, and Election Returns of all the States are subjects of 
permanent usefulness. Every family rnd every cilice and 
store in the country ought to bave a copy of this useful work 
hanging un in a convenient plaee for convenience of refer- 
ence. Price only 12£ cents per copy. 

The Americuu Luhorcvi 

A Monthly Magazine of Facts and Argunientsillastia'-fngf 
and defending the Policy of PROTECTION TO HOMlfi 
INDUSTRY in all us Productive branches, is published by 
Greeley & McElrath, office of the New York Daily and 
Weekly Tribune, 160 Nassau-st. It embodies Reports BDd 
Arguments by Walter Forward, Mahlon Dtckersom, 
John P. Kennedy, Charles Hudson, William Slads, 
IIarmar Denny, A. 11 H. Stuart, E. C. Delavan, and 
many others by the most eminent Civilians of our country j 
with ciialior: from the recorded opinions of Washington, 
Jefferson, Madison, Monroe, J. Q, Adams, Jackson, 
George Clinton, D. D. Tompkins, De Witt Chntot% 
Wm. L. Marcy, &C.&.C. m -favor of the Policy of Protection. 
The work wilt be published on the 1st of ?4arcb comply ■ ; .n 
one volume, neatly done up, containing an immense a'D^unt 
of matter of deep importance t» the Producing interes ts of 
the Country. Price One JJollar. Orders are solicited by 
GREELEY & McELRATH, NessPiu-Sti 



THE S0ME8S MUTINY. 

Tkb Sdmers MBltltK-* Pamphlet containing ail the 
Testimony, Documents, Narratives and PartKub.rs rf the- 
Tragedy on board the V. 3. Brig Soners,,-with the Por- 
trait of Commart.lei' Mackenzie, a fat shVue of Spencer's 
Oreek Pr.vt-' , an acccrrte Drawing >( the Somen as 
she sms on the -.Paler, wnh interior view descriptions, Jtc. 
&c Price J2J cents. O* Poslmasters milting ons dohar 
will receive twelve copies. 

ASTRONOMY, & Co 

lO* Doctor JLarriner'e Lcctarrs.— The second 
edition of Doctor Lardner's complete Course of Lectors 
delivered in the City of New-York is publisher! and fors-Js 
at this office. Price 25 cents The subjects embracid to 
the Lectures are : Electricity— The Sun — Grlvarjism — Ti» 
Fixed Stars— Magnetic Needle— Latitude and Longi'ude— 
Bleaching, Tanning— Popular Fallacies— Light— Fa'ling 
Slars— Temporary eiars— disloriccl Sketch of A3lrunouiy— 
Dew— Science a*ded by Art— Scientific Discoveries— Sonad 
—Vibrations of the Retina; Voltaic Battery— Steaui£jrina 
of Great Britain and ihmwiafc 

ET Persons wishing to purchase pcblk* 
tions 01 the day, will find tliem al! at Jor. office 

lialL a nbniI!; ' Wa 150 Wassau-sireet, vggttte tlm Ciy 
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